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URGEONS accustomed to dealing with gastric surgery in any considerable 

volume have been, for many years, aware of and sensitive to the potentiali- 
ties of injury to the pancreas in the process of mobilizing certain benign and 
malignant uleers from the various anatomic segments of the pancreas. This 
sensitivity to the possibilities of injury to the pancreas, and particularly to the 
terminations of the major ducts near the greater and lesser duodenal papillae, 
in posteriorly positioned duodenal uleers, has led to a variety of technical 
maneuvers designed to obviate such injury and to other reconstructive proce- 
dures intended to repair these traumas when they occur. Above and beyond 
the direct injury to the pancreas during difficult operative maneuvers on the 
stomach and duodenum, one occasionally observes typical examples of acute 
panereatic edema and necrosis in instances in which there was no obvious 
trauma to the organ. 

Pancreatie affections following gastric surgery are unpredictable. They 
occur in some patients in whom the anatomic relationships are normal, the 
technical requirements routine and without direct trauma to the pancreas. In 
other instances the pancreas may be deeply involved in the primary disease 
and the operative maneuver may be attended by laceration, contusion, or 
partial resection of the pancreas without inciting any significant inflammatory 
reaction. 

Pancreatic disturbances following operations upon the stomach and 
duodenum are so erratic in their appearance, so elusive in their clinical recogni- 
tion, and so serious in their prognostic implications that the entire subject 
deserves more study and re-evaluation. Millbourn'® has recently reviewed his 
experiences in this regard and has advocated certain maneuvers calculated to 
minimize panereatie complications following gastric operations. We wish to 
analyze the recent experiences in the clinic in this regard in order to focus 
attention upon this subject and with the hope of finding ways and means of 
eliminating this undesirable aspect of gastric surgery. 
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ETIOLOGY 


Judging from the literature and from an analysis of our own clinical 
material, no single factor is responsible for the genesis of acute pancreatitis 
following gastric surgery, and it may be true that a combination of factors is 
requisite to its development in a majority of instances. 

Millbourn has listed five etiologic factors : 


Mechanical Injury to the Pancreatic Tissuwe—Such injury could vary from 
traction on the gland to direct pressure sufficient to lacerate the parenchyma. 
It does not appear reasonable that trivial trauma to this structure could initiate 
pancreatic necrosis, but it is wise to handle the pancreas gently and to avoid 
contusing or lacerating the structure during surgical procedures in the upper 
abdomen. 


Vascular Injuries —Bohmansson* and Millbourn'®? have emphasized the 
danger of interfering with the blood supply of the pancreas by ligation of the 
gastroduodenal or superior pancreaticoduodenal arteries, particularly in those 
instances in which major anomalies in the arterial supply to the pancreas exist. 
One must respect the possibility that interruption of a significant part of the 
blood supply to the pancreas may predispose the organ to progressive necrosis, 
but the normal blood supply to the pancreas is so generous and the collateral 
circulation so extensive that one must be wary of ascribing such a pancreatitis 
to a procedure whose harm eannot be readily demonstrated. Furthermore, 
ligation of the gastroduodenal artery during subtotal gastrectomy for hemor- 
rhaging duodenal ulcer has frequently been carried out in this clinie without 
complication. 

Stagnation of Duodenal Contents.—This etiologic consideration is inviting 
in its theoretic validity, since such stagnation is known to exist, and is capable 
of harboring infectious and chemically irritating material, which under certain 
cireumstanees could cause reflux into the pancreatic ductal system, and initiate 
pancreatic edema or necrosis. If gross reflux of stagnant duodenal contents in- 
to the pancreatic structure is to occur, one must postulate incompetence of the 
sphineter of one or both duodenal papillae. It is conceivable, however, that 
stasis of the duodenal contents, owing to obstruction of the afferent loop of 
jejunum, could constitute a reservoir of infectious material, and that offend- 
ing organisms capable of producing acute pancreatitis could migrate directly 
from the duodenum to the pancreas or could spread by lymphatie or hematog- 
enous channels to the organ, and there generate varying degrees of pancreatic 
destruction. 

Spasm of the Muscles Around the Orifice of the Pancreatic Ducts.—This 
theory advanced by Archibald, in connection with the common channel theory 
to explain the etiology of primary pancreatitis, is a popular concept which may 
be significant in certain instances. Its validity appears to depend, to some ex- 
tent, upon a combination of circumstances which produce stagnation of pan- 
ereatic juice, and activation of trypsinogen and ultimate rupture of the secret- 
ing acini. Thus the level of functional activity of the gland at the time of 


| 
i 
j 


a? PANCREATITIS FOLLOWING SUBTOTAL GASTRECTOMY 645 
sphineterie spasm, the possibility of reflux of bile into the pancreatic ducts, and 
the presence of some activating agent such as bacteria are pertinent considera- 
tions in the genesis of acute pancreatitis. 

Injury to the Pancreatic Ducts—Schmieden and Sebening’® related that 
11 of 91 acute pancreatic affections following gastric operations were caused 
by ligation of the duct of Santorini. It is obvious that injury to the duct of 
Santorini or duct of Wirsung could cause serious difficulties within the peri- 
toneal cavity, particularly if it were unrecognized and permitted a considerable 
escape of pancreatic secretions outside the gastrointestinal tract. It is less 
obvious that ligation of the duct of Santorini would produce acute pancreatitis. 
Millbourn agreed with Schmieden and Sebening that injury to the duct of 
Santorini is of real significance in the development of acute pancreatitis follow- 
ing gastric surgery, and he has performed some interesting anatomic and roent- 
genologic studies of the ductal system in this regard. 

He believed that the duct of Santorini, being more superficial and entering 
the duodenum at the lesser papilla, which is proximal to the greater papilla, is 
more vulnerable to injury during mobilization of a large or low-lying posterior 
duodenal ulcer than is the duct of Wirsung. Clairmont’ and Keyl’® have empha- 
sized that one is most likely to injure the duct as it traverses the groove between 
the head of the pancreas and the wall of the duodenum. 

Millbourn studied the relationship of the pancreatic ducts to the biliary 
ducts and to the duodenum by a combination of anatomic dissection and roentgen 
examination of cadaver specimens following the injection of contrast media 
separately into the pancreatic and biliary ducts. He concluded that in ap- 
proximately 90 per cent of individuals the duct of Wirsung serves as the sole 
or chief efferent channel of the pancreatic parenchyma. In these patients any 
significant injury to a major pancreatie duet would depend primarily upon the 
superficial course of the duct of Wirsung in the substance of the gland. The 
duct of Wirsung is more superficial in its course through the body and tail of 
the gland than it is in the proximal portion of the head and, by virtue of this 
anatomic situation, is vulnerable to injury during the mobilization of deeply 
penetrating gastric ulcers or carcinomas involving these segments of the pan- 
creas. Baldwin,? on the contrary, has stated that the main pancreatic duct 
usually runs more dorsally than ventrally in the body and tail of the gland. 
Cattell> has demonstrated clinically, in dealing with a considerable number 
of patients with carcinoma of the head of the pancreas or ampulla of Vater, 
the superficial disposition of the duet of Wirsung, and has emphasized the 
fact that, in the presence of obstruction of the pancreatic component of the 
ampulla of Vater, the duct of Wirsung is palpable on the ventral surface of the 
gland. 

In 33 per cent of specimens studied by Millbourn the ealiber of Santorini’s 
duet was sufficiently large to permit it to act as a substitute for or to relieve 
the main pancreatic duct. In 20 per cent it was capable of conducting the 
major portion of the external pancreatic secretion to the duodenum. In every 


| 


646 WARREN 
case investigated by Baldwin and by Millbourn the duct of Santorini always 
terminated in the lesser duodenal papilla which was situated invariably cranio- 
ventrally to the papilla of Vater. 


CONSEQUENCES OF PANCREATIC DUCT INJURY IN GASTRIC RESECTION 


It is agreed that the duct of Santorini is the most vulnerable portion of the 
pancreas to major trauma in gastric resection performed for duodenal ulcer. 
The consequences of such injury will vary widely depending upon: (1) the size 
of the duct and its relative functional importance, (2) the character of the 
injury (whether the duct is lacerated, divided, or ligated), (3) the utilization of 
absorbable or nonabsorbable sutures and ligatures, and (4) the functional state 
of the pancreas in the immediate postoperative period. Minor lacerations of the 
duct leading to the limited escape of pancreatic ferments may produce no obvious 
or measurable disturbances. Ligation of the duct of Santorini when it is smal! 
and when it arborizes with the main pancreatic duct is unquestionably of minor 
significance, particularly if it is securely ligated with nonabsorbable suture 
material. Unrecognized division of the duct, without ligation, may lead to small 


peripancreatic collection of fluid, fat necrosis, and external pancreatic fistulas. 


Such fluid collections may be absorbed or become infected and require drain- 
age. External pancreatic fistulas, involving the duct of Santorini, tend to be 
moderate in terms of fluid and enzyme loss and are prone to close spon- 
taneously. In some instances the injured duct may be of such functional 
significance as to permit the escape of considerable quantities of pancreatic 
secretion and may terminate fatally. Millbourn cited a case in which the 
duct of Santorini, as shown by roentgenographie technique utilizing an in- 
jected contrast medium, constituted the main efferent duct of the pancreas. 
The duct of Wirsung was small and dissociated from the duct of Santorini, 
and drained but a small segment of the pancreatic head. The duet of 
Santorini, in this instanee the main pancreatic duct, had been severed from 
the duodenum and ligated. The patient died on the eighteenth postoperative 
day, and marked intra-abdominal fat necrosis was observed at autopsy. 
During the postoperative course, marked elevation of blood and urinary 
diastase values were recorded. Clairmont’ and Walzel'® each have described 
similar cases, but their reports lack the revealing anatomic detail relative 
to ductal relationships reported by Millbourn. Millbourn coneluded that in 
50 per cent of cases there is some risk of injury to the duet of Santorini in 
separating the uleerated duodenum from the head of the pancreas, and that 
in 10 per cent of individuals such an injury, if major in extent and if un- 
recognized and unrepaired, may have serious consequences. 


INCIDENCE OF PANCREATIC DISTURBANCES FOLLOWING GASTRIC RESECTION 


Acute pancreatic disturbances of clinical significance following gastric 
surgery are relatively rare, but minor involvement, as measured by disturb- 
ances in blood and urinary diastatie activity, is more common than is recog- 
nized generally. Functional abnormalities in the pancreas can rarely be 
demonstrated preoperatively, even when the structure is involved secondarily 


4 


Voluase $9 PANCREATITIS FOLLOWING SUBTOTAL GASTRECTOMY 647 
hy penetrating peptic ulcers or gastric carcinomas. Usland’*? found normal 
diastase values preoperatively in 21 cases of ulcers penetrating the pancreas. 
slock® found the serum diastase significantly elevated (320) in but one of 38 
cases of duodenal or gastric ulcer. Ina series of 147 cases of gastri¢e resection 
in which postoperative serum and urinary diastase values were determined by 
Millbourn, 13, or 9 per cent, showed levels of 512 or higher. Usland found 
postoperative diastatic activity of the urine to be 512 or higher in 13 per cent 
of 24 eases of gastric resection for ulcer. In Millbourn’s series diastasuria was 
four times more common following gastric resection for duodenal ulcer than 
for gastric ulcer or carcinoma. The intensity of pancreatic involvement in the 
I; patients showing elevated diastatie activity was of no clinical significance 
in 6 eases, but was associated with moderate clinical symptoms in 2 instances 
and with severe manifestations in 5 eases. Two of the 5 patients severely 
afflicted died. 

Except for direct injury to the pancreatic ducts which may be observed 
at the time of operation or at autopsy in fatal cases, it is impossible, as a rule, 
to assess the precise etiological factor or factors in acute pancreatie necrosis 
secondary to gastric resection. One of the patients in this series had a sec- 
ondary resection for suspected jejunal ulcer 2 years after partial gastrectomy. 
At operation the duodenal stump was inspected but not mobilized or unduly 
traumatized. Acute hemorrhagic pancreatic necrosis ensued, and the patient 
had a violent course and died. In another instance in this group, the mobiliza- 
tion of the duodenum from the pancreas was not particularly difficult and no 
obvious injury to the panereas was inflicted. The complicating pancreatitis 
flared violently, subsided temporarily, but relapsed with increased fury and 
caused death. One must consider the possibility of duodenal stasis as an etio- 
logie determinant, particularly in the first case, but no such situation was dis- 
covered at autopsy. Perman,’ Usland,’* and Schmieden and Sebening’® have 
reported instances of acute pancreatitis following simple gastroenterostomy. 
In the second ease, in which direct injury to the pancreatic ducts cannot be 
excluded since no autopsy was performed, we have indirect evidence that no 
duodenal stasis was present, and that the ampulla of Vater (at least the biliary 
component) was unobstructed, since considerable quantities of bile were recov- 
ered by means of gastric suction during the initial period of ileus attending the 
acute pancreatitis. 

In one ease definite injury to the pancreatic duct was observed at autopsy. 
This patient pursued a clinical course consistent with acute pancreatitis but 
lacking the distinguishing features of retroperitoneal involvement. 

In those situations in which no ductal or arterial injury can be demon- 
strated and in which no duodenal stasis occurs, as in the case herein reported, 
one must entertain the possibility that infection in the region of the ulcer or 
malignant tumor invades the pancreas and activates the pancreatic enzymes. 


PREVENTION 


No one ean state with rigid exactness the precise means of eliminating 
acute panereatitis following subtotal gastric resection since no one knows 
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with certainty why this complication occurs. One can enumerate, however, 
several technical considerations which are calculated to minimize trauma to the 
pancreatic parenchyma and major ducts during gastri¢ surgery. 

The mobilization of large penetrating gastric uleers from the pancreas 
should be done in so far as possible by blunt dissection in order that the pa- 
renchyma is not disrupted further by the operative maneuver. It is our praec- 
tice to follow the cleavage plane between the stomach and pancreas by gentle 
scissors dissection to the point where the two structures are apparently in- 
separably fused by the inflamatory reaction. At this point, the stomach is 
separated from the surface of the pancreas by digital pressure, applied by the 
thumb and index fingers, encircling the area of attachment between the 2 
adherent structures. By this maneuver the stomach can be separated without 
disturbing the area of the pancreas which constitutes the ulcer bed. An alter- 
native method is to cut through the gastric wall peripherally, as suggested by 
Millbourn, and then remove the rim of mucosa from the uleer bed. This 
method is more appealing in dealing with posterior, penetrating duodenal 
uleers, but obviously can be applied to gastric ulcers. Gastric carcinomas 
which actually invade the pancreatic parenchyma, if otherwise operable, should 
be mobilized and removed along with the segment of involved pancreas, for 
this procedure is safer than superficial excision of the adherent surface of the 
gland and it conforms with the accepted principles of radical surgery for the 
extirpation of malignant disease. In benign ulcers in which the continuity of 
the posterior wall of the stomach or duodenum is lost and the pancreas forms 
the base of the ulcer, no attempt should be made to excise, cauterize, or cover 
the affected portion of the gland. The surface of the ulcer bed is usually cov- 
ered by dense fibrous tissue which offers the best available protection against 
extravasation of pancreatic ferments. The base should be inspected carefully 
for the presence of minor ductal openings, and if any are found they should be 
closed by transfixion with fine silk sutures on an atraumatic needle. 

The protection of the periampullary terminations of the major pancreatic 
ducts, as well as the common bile duct, requires special considerations in many 
instances. For many years it has been the practice in this clinic, as previously 
emphasized by Marshall,’ to demonstrate routinely the relationship of the 
terminal bile duet to the duodenal ulcer, and to open the common duct and 
insert the long limb of a T tube (Cattell) through the ampulla of Vater, in cer- 
tain instances, in order that (1) the location of the major duodenal papilla 
ean be identified, and (2) the opening of the ampulla of Vater cannot be oe- 
cluded in the process of closing the duodenal stump. The identification of the 
duodenal papilla indicates, to some extent, the position of the terminal aspect 
of the main pancreatie duct and affords a measure of protection to this strue- 
ture. The duct of Santorini, unfortunately, enters the duodenum in a separate 
papilla, situated cranioventrally to the ampulla of Vater, and is, by virtue of 
this arrangement, especially vulnerable to laceration, division, and ligation. 
Millbourn has advocated that the duodenal mobilization be accomplished with 
the duodenal stump open, and that this part of the operation be pursued only 
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after the greater and lesser duodenal papillae have been identified by digital 
examination. It has been our experience that these structures cannot be read- 
ily identified in many instances, but this maneuver, while subject to certain 
objections, is undoubtedly beneficial in some instances. In the final mobiliza- 
tion of the duodenum from the head of the pancreas, structures traversing the 
groove between these apposed organs should be viewed with care and circum- 
spection, and any structure in this area which appears unreasonably large in 
caliber should arouse suspicion regarding the possibility that it may be a main 
pancreatie duct. If this suspicion is confirmed, the structure must be pre- 
served. In the event that known or suspected minor injuries to the pancreatic 
duets oceur, one should drain the most dependent area in the operative field. 
The exclusion procedures, as advocated by Finsterer,® are designed to 
avoid injury to the pancreatic and bile ducts by eliminating the need for 
mobilization of the duodenum in those instances wherein the ulcer encroaches 
dangerously upon these structures. In our experience, the incidence of recur- 
rence of ulcer activity is highest after the exclusion operation and, for this 
reason, it is rarely performed in this elinic. McKittrick and associates’ 
have advocated two-stage gastric resection in the more difficult duodenal ulcers 
in the belief that the hazards which derive from inadequate mobilization of 
the duodenal stump, with the increased likelihood of postoperative leakage, 
ean be obviated thereby. In this operation, the stomach is divided in the antral 
region and the distal stump is inverted. The conventional resection is then 
performed on the proximal segment of the stomach. After an appropriate 
interval, usually 3 to 4 weeks, the antrum, pylorus, and involved portion of the 
duodenum are excised. In MeKittrick’s experience the mobilization of the re- 
maining portion of the stomach and the proximal duodenum at the second 
operation is more easily and more safely performed. Although this technique 
was designed to prevent duodenal leakage, it is obvious that its application 
would tend to minimize injuries to the pancreatic ducts and parenchyma. Sev- 
eral theoretical objections have been raised to this operation, including: (1) 
the necessity of submitting the patient to the double jeopardy of 2 anesthetics, 
2 operations, and 2 periods of recumbency; (2) the possibility that a jejunal 
ulcer may develop in the interval between operations, and (3) the potentiality 
that the patient may be left with an inadequate resection in the event that he de- 
clines to submit to the second stage of the procedure. Despite these objections, 
McKittrick has demonstrated a reduction in mortality in subtotal gastrectomy 
as compared with his previous experience with the single-stage procedure. 
Vagotomy, recently advocated by Dragstedt® and others as the treatment of 
choice for duodenal ulcer, presents another alternative to resection, one advantage 
of which is its avoidance of direct trauma to the pancreas. Since instances of 
fatal panereatie necrosis have been observed following simple gastroenterostomy, 
it is obvious that the various operative maneuvers designed to prevent injury to 
the panereas which may oceur during conventional gastric resections will not be 
entirely successful in eliminating acute pancreatitis, and yet it is well to main- 
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650 WARREN 
tain a wholesome regard for the potential dangers inherent in the poliey of in- 
discriminate removal of all duodenal ulcers, and to be prepared to utilize alter- 
native methods when faced with the prospect of serious injury to the pancreas. 

Two technical maneuvers of smal] detail which contribute to the ease and 
safety of mobilizing the proximal duodenum in the presence of low-lying, pene- 
trating ulcers are (1) the practice of incising the peritoneal leaflet lateral to 
the convexity of the first and second portions of the duodenum, which will de- 
lineate the junction of the duodenum and pancreas superiorly, and (2) the habit 
of entering the cleavage plane between the pancreas and the duodenum at a point 
below the level of the penetrating ulcer at the inferior margin of the first part 
of the duodenum. 


MANAGEMENT OF MAJOR INJURIES TO THE PANCREATIC DUCTS 


Injuries to the duct of Wirsung as it traverses the body or tail of the pan- 
creas can be dealt with satisfactorily in a variety of ways. In the presence 
of malignant lesions involving the pancreas secondarily, one may elect to do a 
partial pancreatectomy, removing the segment of pancreas distal to the injury, 
and suturing the divided stump. In benign lesions such injuries may be cared 
for by anastomosing the duct to the jejunum or intubating the duet with a 
small T tube, which can be removed subsequently, allowing the temporary fis- 
tula to close. The method of internal drainage is preferable. Injuries to the 
periampullary segments of the pancreatic ducts are more serious and their 
proper repair requires more judgment, skill, and ingenuity. Millbourn has 
emphasized the necessity of demonstrating a functional connection between the 
radicals of a severed duct of Santorini and the main pancreatic duct, if the 
severed duct is to. be treated by ligation. This may be done by injecting 
methylene blue into the severed end of the duct and observing the flow of the 
colored solution into the duodenum through the papilla of Vater, or by pan- 
creatico-angiography. If the ductal elements are dissociated, the severed end 
of the duct of Santorini should be anastomosed to the upper segment of the 
intestine. Injuries to the duct of Wirsung in the head of the pancreas will 
usually appear in company with injuries to the common duct, and will require 
reimplantation of both structures into the duodenum and jejunum or some 
circuitous arrangement of restoring the continuity of these vital structures with 
the unper ecastrointestinal tract. At the clinic there was one instance in which the 
common duet and the duct of Wirsung were severed in mobilizing a low-lying 
duodenal uleer; the ductal structures were anastomosed to the jejunum without 
untoward postoperative incident and with perfect functional result. In an- 
other instance in which an anomalous common duct and a pancreatic duet, 
presumably the duet of Santorini, were severed in freeing a pyloric ulcer, a 
satisfactory reconstruction was effected by opening the common duct above the 
injury and threading the long limb of a small (Cattell®) T tube through the 
divided end of the common duct and thence into the pancreatie duct. The 
severed ends of the common and pancreatic ducts were sutured together and 
their continuity with the gastrointestinal tract was restored by a cholecysto- 
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jejunostomy. In one of these cases, in which the original resection was per- 
jormed in another institution, the severed duct of Wirsung was transplanted 
into the duodenal stump. The real tragedies incident to major pancreatic 
duetal injuries during gastric surgery derive from the failure to recognize and 
correct these traumas, rather than from their irreparable character. 


REPORT OF CASES 


CasE 1.—A 36-year-old man registered at the clinic on April 12, 1949, complaining of 
recurrent gastric hemorrhage. The first episode of bleeding occurred in 1945, without previous 
dyspeptic symptoms. Roentgenograms following the ingestion of barium revealed a duodenal 
ulcer. He remained symptom-free until June, 1947, when he had another massive hematemesis. 
Subtotal gastric resection was performed in July of the same year. A severe bleeding episode 
occurred 6 months later, and again in March, 1949. At no time did the patient have cyclic 
abdominal pain, but he did have occasional distress in the lower dorsal and upper lumbar 
area. Physical examination showed no gross abnormalities. Roentgenograms following a 
barium meal indicated that a minimal resection had been done. There was slight dilatation 
of the efferent loop but no jejunal ulceration was observed. An intensive medical regimen 
was prescribed. 

The patient returned to the clinic on May 16, 1949, unimproved. In view of the 
repeated hemorrhages and the presence of a large gastric remnant, a more radical resection 
was advised. 

At operation on June 10, 1949, the remaining portion of the stomach represented 
approximately two-thirds of the normai structure. No ulceration was observed in the 
stomach or jejunum. Inspection and palpation of the duodenum revealed no obvious lesion. 
A considerable segment of the stomach with a portion of the attached jejunum was re- 
sected. An end-to-end jejunojejunostomy and a terminolateral gastrojejunostomy after the 
manner of Hofmeister restored the continuity of the gastrointestinal tract. 

On the second postoperative day the patient complained of severe back pain and became 
extremely restless. The temperature, pulse, and respirations rose significantly and the blood 
pressure fell. The skin became cold and clammy. There was progressive abdominal disten- 
tion, diffuse tenderness, and diminished peristaltic sounds. The pain was unresponsive to 
average doses of morphine and was only partially and transiently relieved by bilateral para- 
vertebral procaine block. Within 48 hours of the onset of the severe pain, the patient became 
progressively jaundiced. Edema and bluish discoloration were present in each flank. The 
serum amylase value reached 800 units. Despite intensive and sustained supportive therapeutic 
measures the patient’s condition deteriorated and he died on the ninth postoperative day. 

At post-mortem examination acute pancreatic necrosis with marked retroperitoneal ex- 
travasation was found. The anastomotic sites were intact. When the duodenal stump was 
opened, an active perforating duodenal ulcer was found on the posterior wall. 


Comment.—Acute hemorrhagic, necrotizing pancreatitis, in this instance, 
followed a secondary gastric resection. The operative maneuver was executed 
without any known trauma to the pancreas and without any surgical manipula- 
tion in the region of the duodenum and head of the pancreas. There was no 
evidence that a mechanical duodenal ileus occurred, and no leakage was apparent. 
A duodenal ulcer penetrating into the head of the pancreas was found at autopsy. 
The conventional explanation for pancreatic affections following gastri¢e surgery 
does not appear to apply to this situation. It is difficult to aseribe this fatal 
complication to any precise etiologic factor. 


CASE 2.—A. 48-year-old man complaining of stomach trouble of 20 years’ duration was 


examined in the clinic July 13, 1949. There were chronic recurrent attacks of pain, nausea, 
und vomiting, aggravated by over-eating, nervous tension, and the ingestion of cold food or 
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drink. The pain was relieved consistently by vomiting. A duodenal ulcer had been demon- 
strated roentgenographically in 1933. A strict dietary routine supplemented by antacids 
relieved the distress, but cyclic recurrences were frequent. In February, 1949, a moderate 
hemorrhage occurred. 

Physical examination at the clinic gave negative results. Roentgenograms following 
a barium meal showed pyloric obstruction. 

At operation on July 19, 1949, an obstructing duodenal ulcer, penetrating posteriorly 
into the head of the pancreas, was observed. Subtotal gastric resection with removal of the 
duodenal ulcer was performed. Severe epigastric pain developed 24 hours following the 
operation, There was associated epigastric tenderness, and subsequent distention, ileus, 
depression of urinary output, and jaundice. The serum bilirubin became elevated to 10.8 mg. 
per 100 ¢.c., the amylase to 344 units, and the nonprotein nitrogen to 95 mg. per 100 c.c. 
Abdominal distention progressed. On the eighth postoperative day cecostomy was performed. 
When the peritoneal cavity was entered, a large quantity of dark, reddish-brown fluid was 
encountered. Consequently, a stab wound was made in the right upper quadrant of the 
abdomen and a large cigarette drain was inserted. The clinical course was progressively down- 
ward and the patient died the following day. 

The autopsy findings included widespread fat necrosis within the abdominal 
cavity, acute pancreatic necrosis, and perforation of the duodenum and common duct. 


Comment.—The localized pancreatic necrosis and the disseminated fat 
necrosis appeared to be primary lesions with subsequent perforation in the 
duodenum and common bile duct. 


CASE 3.—A 35-year-old man came to the clinic July 1, 1949, complaining of recurrent 
epigastric pain of 17 years’ duration. The pain was characteristic of ulcer distress and was 
relieved by milk and alkalies. He had been treated for a duodenal ulcer but he followed the 
dietary and medicinal regimen fitfully. Recently the pain had become more severe and pene- 
trated to the back. 

The physical survey gave essentially negative results. Roentgenograms following a 
barium meal showed a duodenal deformity and ulcer crater. 

At operation on July 11, 1949, a large, indurated ulcer was found on the anterior 
duodenal wall. The remainder of the abdominal viscera were negative. Subtotal gastric resec- 
tion was performed. The dissection at the pancreatic duodenal junction was not difficult and 
no obvious trauma was inflicted on the pancreas. 

Postoperatively, the temperature, pulse, and respirations were elevated and the patient 
complained of constant abdominal pain. The following day the pain became agonizing in 
intensity and radiated to the back. He became increasingly toxic and extremely restless. 
The abdomen was slightly distended and silent to auscultation. There was moderate tenderness 
in the upper part of the abdomen and in each costovertebral angle. The hemoglobin was 17.5 
Gm, per 100 ¢.c. of blood, serum amylase 750 units, and serum bilirubin 2.1 mg. per 100 c.c. 
A diagnosis of acute pancreatitis was made and conservative measures, including constant 
gastric suction, parenteral administration of glucose-saline solution, and frequent large doses 
of morphine, penicillin, and streptomycin, were instituted. Despite the generous administra- 
tion of morphine the patient suffered greatly, and constantly thrashed around in bed. In view 
of our previous inability to control adequately the pain of pancreatic necrosis with serial para- 
vertebral procaine blocks, we elected to employ epidural analgesia. A test dose of 10 c.c. of 1 
per cent procaine solution was injected into the epidural space of the first lumbar vertebra. 
The patient obtained immediate relief from pain and became quiet and slept for 30 
minutes. At the end of one-half hour the pain returned and rapidly assumed its original 
intensity. The patient became agitated and requested ‘‘another injection.’’ A con- 
tinuous epideural procaine block was maintained for 48 hours as previously described from 
this clinie by Orr and Warren.14 The control of the pain by this method was extremely 
satisfactory. At the end of 48 hours the patient’s condition was greatly improved and 
the epidural biock was discontinued. He continued to improve, was able to take a 
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graduated diet and was ambulatory. On the twelfth postoperative day a low-grade fever 
recurred, and was accompanied by mild pain and tenderness in the right upper quadrant 
of the abdomen. Later the pain shifted to the left upper quadrant and the left lower 
chest. Roentgenograms of the left diaphragmatic region suggested an accumulation of 
fluid beneath the diaphragm but exploration of the left subdiaphragmatie space on the 
eighteenth postoperative day was negative. Following this procedure, the temperature and 
pulse became considerably elevated and progressive abdominal distention ensued. Marked 
flank edema appeared bilaterally. On the twenty-third postoperative day the retroperi- 
toneal space was explored through each flank and considerable necrotic fat and turbid fluid 
was evacuated. Slight improvement followed this maneuver but it was not sustained and 
death occurred on the twenty-eighth postoperative day. No post-mortem examination was 


performed. 


Comment.—Acute pancreatitis followed subtotal gastrectomy performed 
for a duodenal uleer which did not appear to involve the pancreas. The mo- 
bilization of the duodenum from the pancreas was not particularly difficult. 
No duodenal ileus was apparent since moderate quantities of bile were ob- 
tained by gastric suction during the postoperative period. Since no autopsy 
was performed the possibility of injury to the duct of Santorini cannot be ex- 
cluded, but the clinical course in this instance was indicative of widespread 
parenchymal necrosis rather than a chemical peritonitis secondary to lacera- 
tion or division of a pancreatic duct. 


CasE 4.—A 50-year-old man was first seen in the clinic on Nov. 29, 1946. He gave a 
history of intermittent epigastric pain since 1929, at which time he had had a perforated ulcer. 
Since that time he had had intermittent epigastric pain, nausea and vomiting, hematemesis, 
and melena. 

Positive physical findings included an indirect inguinal hernia on the right side and a 
branchial cyst in the left cervical region. Roentgenograms following a barium meal showed 
an ulcer crater in the region of the pylorus. Intensive medical management was pursued for 
3 weeks without demonstrable diminution in the size of the ulcer crater. 

At operation on Feb. 11, 1947, an ulcer was found in the first portion of the duodenum 
with penetration into the pancreas. The posterior wall of the duodenum, in the region of the 
ulcer, was densely adherent to the pancreas, but the mobilization of the duodenum was accom- 
plished without any unusual trauma to the pancreas. Subtotal gastrectomy and bilateral sub- 
diaphragmatic vagotomy were performed. Within 24 hours after the operation the tempera- 
ture, pulse, and respirations became elevated, accompanied by signs of atelectasis at the left 
lung base. The patient ran a progressively toxic course, with rising temperature, pulse, and 
respirations, and died on the fifth postoperative day. 

At post-mortem examination the peritoneal cavity contained a liter of cloudy fluid. The 
omentum was searcely recognizable because of the excessive fat necrosis which involved this 
structure where it lay in contact with the duodenal stump and the head of the pancreas. 
Similar areas of fat necrosis were present in the transverse mesocolon and in the right 
gutter. The head of the pancreas contained a large hemorrhagic necrotic area which was 
dissected carefully from the pancreas. The celiac axis and its branches were carefully ex- 
plored, along with the biliary and pancreatic ducts. The common duct was patent and was 
joined at the ampulla by a patent pancreatic duct. The two structures entered the duodenum 
through a common papilla of Vater. The pancreatic duct could be dissected for a distance of 
2 em., where it terminated in numerous fine branches in the head of the pancreas. No addi- 
tional ducts were found after a very careful search. The duodenal stump closure was intact, 
the duodenum was not dilated, and the gastrojejunostomy showed no leak. 
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CASE 5.—A 44-year-old man registered at the clinie Dec. 15, 1947, for treatment of 
known duodenal ulcer of 3 years’ duration. He had frequent episodes of epigastric pai 
radiating to the back and accompanied by nausea, vomiting, and hematemesis. 

Physical examination gave negative results. Roentgenograms following the ingestion «: 
barium revealed deformity of the duodenal cap with the presence of an ulcer crater. Ti. 
patient was admitted to the hospital for intensive medical management. After discharge fro 
the hospital he failed to follow the prescribed routine and continued to have pain and hemo: 
rhages. 

The patient was readmitted to the hospital March 30, 1949, and on April 4, 1949, subtot«! 
gastrectomy was done. A large ulcer, penetrating into the head of the pancreas, was mobilize: 
without any obvious injury to the pancreas. The day following the operation there was 
moderate fever, abdominal pain, and restlessness. Progressive abdominal distention and ileus 
followed. The pain, fever, distention, and ileus continued for approximately 2 weeks. The 
patient then began to pass gas by rectum, and the pain and distention subsided. He was able 
to take some food by mouth and was ambulatory. On the nineteenth postoperative day sudden 
upper abdominal pain and fever to 104° F. occurred, associated with sudden, profound shock. 
There was marked tenderness in the upper abdomen. He was taken to the operating room and 
an incision was made in the right upper quadrant. Considerable sanguinous fluid, clotted 
blood, and necrotic pancreatic debris escaped. A cigarette drain was inserted, but the patient 
failed to respond and died within a few minutes. Autopsy revealed massive hemorrhagic 
pancreatitis and fat necrosis in the head of the pancreas and early hemorrhagic necrosis of the 
tail of the pancreas. In addition, there was a perforation of the duodenal stump. 


Comment.—This patient apparently had a preliminary pancreatic edema 
after operation which later progressed to hemorrhagic necrosis. It is difficult 
to assess the time relationships of the perforated duodenal stump and the onset 
of the pancreatitis, but the presence of hemorrhagie necrosis in the tail of the 
pancreas as well as in the head of the organ suggests that the pancreatitis 
was primary. 


CASE 6.-—A 40-year-old man was examined at the clinic July 12, 1941, because of 
recurrent epigastric pain of 2 years’ duration. He had had a cholecystectomy elsewhere in 
July, 1940. A diagnosis of active duodenal uleer was made and conservative measures were 
instituted and pursued until May 3, 1944. Because of recurrent hemorrhages and repeated 
attacks of pain in spite of good medical management, operation was advised. 

On May 10, 1944, subtotal gastrectomy was performed. Despite the preliminary im- 
pression that the ulcer in the first portion of the duodenum did not extend to the level of the 
entrance of the common duet, it was discovered, upon completion of the mobilization of the 
proximal duodenum, that the common duct and the pancreatic duct had been severed from 
the duodenum. Since it is safer and easier to transplant the ducts into the jejunum than 
the duodenum, the duodenal stump was closed. Subtotal gastrectomy was then done. A 
section of number 16 catheter was placed in the common bile duct and anchored with 
fine chromie eatgut. A smaller catheter was inserted into the pancreatic duct and similarly 
tied. The 2 ducts were inserted into the proximal loop of the jejunum, each through 
separate openings, and sutured firmiy in place. The edge of the pancreas was approxi- 
mated to the serosa of the jejunum with interrupted sutures as one does with the stump of 
the pancreas in partial pancreatectomy. A cigarette drain was placed under the anterior 
surface of the liver and the abdomen closed. 

A subhepatie abscess formed postoperatively but was drained successfully. A temporary 
bile fistula ensued, but closed spontaneously. The subsequent course was uneventful until 
January, 1949, when the patient had recurrence of upper abdominal pain, anorexia, bloating, 
and diarrhea. Roentgenograms of the stomach and upper intestine following a barium meal 
showed moderate dilatation of the upper jejunum, but no definite jejunal ulcer. The patient 
was placed on a strict uleer regimen, but has not been seen since January, 1949. 
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CASE 7.—A 66-year-old man came to the clinic July 3, 1947, complaining of a duodenal 
ulcer of 35 years’ duration, attended by 5 episodes of hemorrhage during the 6 years preceding 
his visit to the clinic. Physical examination gave essentially negative results except for 
benign prostatic hypertrophy and mild hypertension. The duodenal cap, as delineated by 
roentgenologie study following the oral administration of barium, was deformed. The 
patient was placed on a strict uleer routine which he followed reasonably well for 8 
months. Despite the careful diet and medication he had several attacks of pain, vomiting, 
and bleeding. 

The patient was admitted to the hospital Jan. 26, 1948. With intermittent gastric 
suction and blood transfusions his condition improved. Roentgenograms following a 
harium meal revealed an irregular deformity of the duodenal cap. There was an area of 
extravasation of barium at the superior level of the first part of the duodenum, which was 
interpreted as representing a reflux of barium into the common duct. 

At operation, Feb. 13, 1948, a large active ulcer penetrating the head of the pancreas 
was found. There was a pseudodiverticulum at the inferior portion of the first part of the 
duodenum. The pancreas almost encircled the second portion of the duodenum. 

Upon completing the mobilization of the pylorus and the first portion of the 
duodenum, it was observed that bile and pancreatic juice escaped into the operative field. 
The uleer had perforated into the common duct as suggested by the preoperative roentgeno- 
grams which showed the extravasation of barium into the common duct. Examination of the 
pancreatic area which constituted a part of the ulcer bed revealed a severed pancreatic duct, 
presumably the duct of Santorini, from which a continuous flow of pancreatic fluid escaped. 
The duodenal stump was closed. 

An opening was made in the common bile duct above the junction with the cystic duct 
and the long limb of a T tube was threaded through the severed end of the common duct and 
into the pancreatic duct. The edges of the two ducts were sutured together with fine silk. 
A cholecystojejunostomy was performed. Approximately three-fourths of the stomach was 
removed and an antecolic Hofmeister reconstruction was fashioned. A cigarette drain was 
inserted to the foramen of Winslow and brought out with the external arm of the T tube 
through a stab wound. The postoperative course was uneventful except for a temporary 
pancreatic fistula which drained an average of 200 c.c. per day for the first 10 days. 
Amyiase determination on fluid recovered from the fistula was 1,468 units. The T tube 
was removed on the thirteenth day following the operation and the pancreatic drainage 
subsided rapidly thereafter and ceased completely on the twentieth postoperative day. 

Since his discharge from the hospital the patient has had no recurrence of pain or 
bleeding, despite his consumption of large amounts of alcohol. He has had mild chronic 
diarrhea for which he prefers to take liberal quantities of paregoric. In August, 1949, he 
experienced some tenderness and drainage from the site of the previous abdominal drain. 
The sinus closed rapidly, but recurred and drained pancreatic fluid intermittently for 


6 weeks, but is now well healed. 


Comment.—This case represents an instance of spontaneous perforation of 
a duodenal uleer into the common duct and the head of the panereas. In the 
process of mobilizing the ulcer, the common duct and panereatie duct (San- 
torini) were severed. An adequate reconstruction was made by uniting the 
severed ends of the ducts and performing a cholecystojejunostomy. A tempo- 
rary pancreatic fistula healed spontaneously, but recurred 18 months postopera- 
tively. This patient has consumed large quantities of aleohol daily, begin- 
ning shortly after the gastric resection. With strict dietary supervision the 
recurrent fistula has closed. 

CASE 8,—A 52-year-old man was admitted to the hospital on Dee, 20, 1949. He had 
been treated periodically for chronic duodenal ulcer for 20 years, during which time he had 
een hospitalized several times. 
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On July 25, 1949, he had had a subtotal gastrectomy in another institution. At opera- 
tion the second portion of the duodenum was acutely angulated and adherent to the ulcer 
situated in the duodenum just beyond the pylorus. In freeing the duodenum, the operator 
noted a thick fibrous structure which he thought was an adhesion. When this structure was 
divided flush with the duodenal wall it was noted that there was a resulting defect in the 
posterior duodenal wall. The defect was closed with interrupted silk sutures. The resection 
was completed, utilizing an antecolic, Polya type of gastrojejunostomy. 

The patient did well for 3 days. On the fourth day it was apparent that there was a 
considerable accumulation of fluid within the abdomen. Copious quantities of clear fluid began 
to drain from the upper end of the wound on the sixth postoperative day. This fluid had an 
amylase activity of 1,748 units. The serum amylase was 428 units. The fistula continued 
to drain large quantities of pancreatic juice, averaging 600 to 700 c.c. daily. He lost 31 
pounds in weight despite a good caloric intake and pancreatin supplement. 

Upon admission to the clinic, the patient showed evidence of marked weight loss. There 
was a fistulous opening in the upper portion of the right upper quadrant scar, with moderate 
erosion of the surrounding skin. Laboratory data included the following values: hemoglobin 
11.4 Gm, per 100 ¢.c., prothrombin time 100 per cent of normal, bilirubin 0.3 mg. per 100 e¢.c., 
serum amylase 55 units, and serum potassium 19.5 mg. per 100 e¢.c. 

At operation, Dec. 24, 1949, the fistulous tract was circumscribed and dissected down to 
its emergence from the head of the pancreas in the region of the groove between the pancreas 
and the posterior wall of the duodenal stump. When the fistulous tract was excised flush 
with the surface of the pancreas the stoma was observed to be in the space between the 
gastroduodenal artery as it traversed the anterior surface of the pancreas and the duodenal 
stump. The entire pancreas was enlarged and firm, with prominent lobulations on the 
anterior surface of the gland. A probe inserted into the fistulous stoma could be passed 
the entire length of the duct of Wirsung, indicating that the main pancreatic duct had 
been severed from the duodenal papilla at the initial operation. The duodenal stump was 
mobilized by incising the lateral peritoneal leaflet in order that the duct of Wirsung 
could be implanted into the apex of duodenum as it lay in close proximity to the fistulous 
stoma. The divided end of the duct of Wirsung was mobilized in order that a mucosal 
approximation could be performed. A direct anastomosis of the duct of Wirsung to the 
duodenum over a small section of 14 French catheter was accomplished. The postoperative 
course was uneventful and there has been no pancreatic leakage. 


CASE 9.—A 25-year-old woman was examined in the clinic Nov. 1, 1949. A perforated 
duodenal ulcer had been closed in January, 1949. Symptoms of ulcer activity recurred and 
on Oct. 1, 1949, subtotal gastrectomy was performed in another institution. Jaundice appeared 
on the fourth postoperative day. Marked upper abdominal pain and signs of localized 
peritonitis attended the jaundice. On the tenth postoperative day spontaneous drainage of 
duodenal contents occurred at the upper angle of the incision. The jaundice and external 
drainage persisted. A moderate septic fever continued despite antibiotic therapy. On Nov. 3, 
1949, a right subdiaphragmatic abscess was drained. On Nov. 13, 1949, a spontaneous 
bronchopleural fistula developed. A left subdiaphragmatie abscess was drained. The duodenal 
fistula gradually closed. The patient was discharged from the hospital on Dec. 24, 1949, 
despite the persistence of mild jaundice. She was readmitted to the hospital on Feb. 3, 1950, 
because of progressive weight loss and difficulty in swallowing. Esophagoscopy revealed 
esophagitis and stricture of the lower third of the esophagus. The stricture was treated by 
bougie dilatations. 

The jaundice, associated with recurrent bouts of chills and fever, persisted. At opera- 
tion on March 21, 1950, the duodenal stump was found to be involved in a mass of fibrous 
tissue which bound the structure to the anterior abdominal wall. The common duct, which 
was dilated, was isolated and opened. A {ine probe could not be passed into the duodenum. 
The duct of Wirsung was likewise blocked by the dense scar tissue around the closed duodenal 
stump. The second and third portions of the duodenum were mobilized and the scarred end 
was amputated and inverted. The divided duct of Wirsung was anastomosed to the posterior 
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uspect of the third portion of the duodenum, and the severed common duct was anastomosed to 
the anterosuperior surface of the second portion of the duodenum, The postoperative course 
was uneventful except for moderate drainage of bile and pancreatic fluid for several days. 
The drainage ceased and the patient gradually gained weight. When last seen at the clinic 
on Sept. 5, 1950, she was eating well and continuing to gain weight. 


SUMMARY 


The etiology of acute pancreatitis and of pancreatic injuries related to 
subtotal gastrectomy is discussed. No consistent etiologic pattern is revealed 
by a review of this material. 

Methods of avoiding these complications are considered. 

Alternative methods of repairing injuries to the pancreatic ducts are 
described. 
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PARTIAL ESOPHAGECTOMY WITH END-TO-END ANASTOMOSIS 


EarR.LE B. Kay, M.D., AND KENT Louis Brown, M.D., CLEVELAND, OHIO 


., poanmye of the esophagus was slow in its development because of its ana- 
tomie inaccessibility and the problems associated with reconstruction of 
the esophagogastriec continuity. The complete historical literature has been 
reported previously! and will not be repeated. Torek* is accredited with the 
first successful esophagectomy for carcinoma in 1913. This consisted of a 
cervical esophagostomy and gastrostomy in addition to the esophagectomy. 
Following such a procedure, attempts at restoration of the esophagogastric¢ con- 
tinuity by the construction of an antethoracic esophagus resulted almost invari- 
ably in failure. The Torek operation was the accepted technique for resection 
of surgical lesions of the esophagus until 1938 when Adams and Phemister® 
reported the first successful esophagectomy and esophagogastric anastomosis 
and demonstrated the feasibility of this procedure for carcinoma of the lower 
esophagus and cardia of the stomach. 

It was later found*® that by modifying and extending the technique of 
Adams and Phemister the stomach could be adequately mobilized to bridge the 
entire thoracic and cervical esophagus to allow esophagogastric anastomosis. 
It was felt by those engaged in this field that the entire esophagus was now 
accessible to extirpation and that a satisfactory technique for reconstruction of 
the esophagogastrie continuity to allow swallowing had been developed. 

The majority of patients presenting themselves for esophageal surgery are 
in the older age group. They are as a result of esophageal obstruction frequently 
dehydrated and emaciated, and have vitamin deficiencies. There is almost 
invariably a reduced blood volume. Many of the patients are emphysematous 
and have impaired eardiae reserve. | 

The technique of esophagectomy and esophagogastric anastomosis as now 
employed for lesions of the upper thoracic and cervical esophagus necessitates 
an extensive operative procedure not only in the chest but also within the 
abdomen to allow complete mobilization of the stomach in order to bridge the 
esophageal defect. Such an operation is time consuming, and is associated with 
considerable operative trauma and blood loss. Incision of the diaphragm is 
followed by impaired diaphragmatic function and in turn impaired pulmonary 
funetion postoperatively. This technique does allow a radical resection of the 
cancer-bearing area and the lymphatie zones. However, a number of patients 
cannot withstand such an operation and the majority of postoperative deaths 
are cardiorespiratory in nature. 

The main reason for the present-day technique in the treatment of lesions 
of the upper esophagus requiring resection is that it is the best technique so 
far devised to allow reconstruction of the esophagogastric continuity. The use 
of jejunal tubes has been reported in occasional cases, but this method is even 
more time consuming and associated with considerably more risk from impaired 
blood supply of the jejunal tubes than when the stomach is employed. Any 
technique that would be less time consuming, associated with less operative 
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trauma and blood loss, and interfere less with postoperative cardiorespiratory 
function and still adequately remove the cancer would undoubtedly be associated 
with a lowered operative mortality for the poor-risk patient. 

Esophageal resection and esophagogastric anastomosis as now practiced 
have been regarded as necessary because of the teachings that the intrinsic blood 
supply of the esophagus was insufficient to maintain viability of the esophagus 
following its complete mobilization and that any end-to-end anastomosis would 
fail to heal. Gross‘ in 1948 reported the successful resection of a 3 em. segment 
of esophagus containing a congenital stricture with a primary end-to-end anas- 
tomosis in an 11-month-old baby. Swenson and Clatworthy® reported in 1949 
that as much as 50 per cent of the thoracic esophagus can be resected in dogs 
and successfully reanastomosed. In the same year Shek and associates? demon- 
strated that the entire thoracic esophagus can be freed of its thoracic blood 
supply in dogs and remain viable to allow for successful anastomosis. It was 
demonstrated by them that the intrinsic esophageal blood supply derived from 
the stomach would allow the esophagus to remain viable when all arteries except 
the right gastric were severed. This work was confirmed by Paine.’® 

Tuttle and Day,'! Parker,'* and Maier,'* reported in 1949 local resections 
of the distal esophagus with suecessful reanastomoses. One of us (E.B.K.) 
in the same year successfully resected a 5 em. segment of the distal esophagus 
with reanastomosis for benign stricture in a 74-year-old woman. It was the 
feeling at this time that local resection and reanastomosis might successfully 
be used for benign lesions of the lower esophagus, but because of the necessity 
of resection of small segments such an operation would be impractical for 
patients having carcinoma and that such a procedure, because of the questionable 
viability of the transplanted esophagus, would be associated with failure of 
healing of the anastomosis in lesions of the upper esophagus. 

It has been a frequent observation during the past that a considerable length 
of good distal esophagus had to be sacrificed in order to bring the stomach high 
into the thorax to re-establish esophagogastric continuity. It has also been a 
common observation that after the entire thoracic esophagus has been mobilized 
the esophagus has appeared remarkably viable. Contrarily, it has also been 
observed that the viability of the stomach occasionally has appeared questionably 
impaired when it has been elevated to the thoracic inlet or into the neck even 
though no complications have arisen in our cases with its use. 

These experimental and clinical observations led to the employment of 
partial esophagectomy and primary end-to-end esophageal anastomosis in seven 
patients with lesions of the upper esophagus. Six of the patients had carcinoma 
and the seventh an esophageal stricture. In this group there was one post- 
operative death. This patient was an 84-year-old man who had suffered from 
prostatism for three years in addition to the carcinoma of the esophagus that 
had caused esophageal obstruction for two months. He died on the ninth post- 
operative day from uremia after having been able to eat satisfactorily for several 
days. There was no evidence of impaired healing of the anastomosis. 

The esophageal anastomosis in six patients was between the arch of the 
aorta and the thoracic inlet, while in the seventh it was one inch below the hypo- 
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pharynx. In one patient sufficient distal esophagus was preserved to bride 
a 7 em. defect by only freeing the diaphragmatico-esophageal ligament and 
allowing the esophagogastric junction to herniate into the thorax. It was neces. 


sary in the others to incise the diaphragm partially to allow mobilization of the 


upper stomach in order to obtain sufficient mobilization to bridge the defect. 
By utilizing the distal esophagus for the anastomosis considerably less stomach 
had to be mobilized in these patients. In three patients the gastrohepatic 
ligament was excised because of metastatic nodes. In two patients it was neces- 
sary also to free the upper margin of the gastrosplenic and gastrohepatic liga- 
ments as well as the peritoneal reflection. The left gastric and left gastroepiploic 


a. b. 


Fig. 1.—a, Esophagram of a 75-year-old man with roentgenologic evidence of a carcinoma. 
b, Postoperative esophagram illustrating the primary end-to-end esophageal anastomosis fol- 
lowing resection of a 7 cm. segment of esophagus. 


vessels were severed in the patient having the cervical esophageal anastomosis 
and in the patient who had an extensive esophageal stricture and a very small 
stomach. 

The length of distal esophagus preserved ranged from 10 to 15 em. At no 
time did the viability of the distal esophagus appear impaired. The length of 
esophagus resected also ranged between 10 to 15 em. in six patients and only 7 
em. in the seventh. This was the patient in whom only the diaphragmatico- 
esophageal ligament was mobilized. 

Care was exercised not to injure the esophageal ends to be anastomosed, 
which was done in two layers with interrupted sutures of 0000 Deknatel. <A 
Levine tube was inserted through the anastomosis before completely closing it 
anteriorly. The reconstructed esophagus lay in its normal anatomic position 
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within the posterior mediastinum in six patients. In the other patient, who had 
a large tortuous aorta, the distal esophagus was brought lateral to the aortic 
arch. The aortic arch was partially mobilized in three patients to facilitate 
exposure for the performance of the anastomosis. Figs. 1 and 2 illustrate 
representative postoperative esophagograms. 

It appears that probably not over 5 to 7 em. of esophagus can be resected 
with primary anastomosis without necessitating partial mobilization of the 
stomach. If greater lengths of esophagus have to be resected then in turn 
greater mobilization of the stomach is necessary. There appear, however, to 
be a number of patients in whom the anatomic factors present are such that if 
the distal esophagus is preserved less mobilization of the stomach will be 
required. In other patients undergoing esophagectomy during this same period 
of time, particularly those with large stomachs and those in whom the lesser 


a. 
Fig. 2.—a, Esophagram of a 54-year-old man with roentgenologic evidence of a complete 


esophageal stricture. b, Postoperative esophagram illustrating the primary end-to-end eso- 
phageal anastomosis, A, following resection of a 15 cm. segment of esophagus. The esophago- 
gastric junction is at B. 

curvature was quite short, the cardia of the stomach could be extended in a 
cephalad direction as far as or further than the end of the preserved distal 
esophagus, and consequently was utilized. 

The previous criticism that there might be a tendency to remove insufficient 
esophageal segments to allow adequate margins of safety is not valid. One 
should not hesitate to remove any amount of esophagus necessary to remove the 
‘ancer adequately, for further mobilization of stomach is always possible. Also 
the lymph gland-bearing area in the gastrohepatic ligament should always be 
examined and probably always removed for this is the most likely site of glandu- 
lar metastasis. The main advantage of preserving the distal esophagus is that 
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in some patients less stomach has to be mobilized to reconstruct the esophages 
continuity. Also the stomach does not have to be closed at the cardia. Thi: 
makes the operation less time consuming and associated with less operatiy. 


trauma. 
There is one additional possible advantage of such a technique in that i: 


preserves the esophagogastrie junction. In the few patients observed so far, 
it is the feeling that there is less digestive disturbance as a result of gastric 
reflux. This in turn may further decrease the number of patients developing « 
postoperative esophagitis. 
SUMMARY 


There is experimental and clinical evidence to demonstrate that sufficient 
blood supply to the esophagus from the stomach is present to allow large see- 
ments of the esophagus to be resected and that the distal esophagus can be com- 
pletely mobilized for a successful primary end-to-end anastomosis. Such a teeli- 
nique may be applicable to those patients in whom only small segments of the 
esophagus are resected or in whom the anatomie factors involving the diaphrag- 
maticoesophageal ligament or stomach are such as to require less mobilization of 
the stomach if the distal esophagus is preserved. In a number of patients it will 
be found that sufficient mobilization of the distal esophagus for reapproximation 
may be obtained only by freeing the diaphragmatico-esophageal ligament and 
allowing the stomach to herniate into the chest. The primary cancer can he 
removed as adequately as when the distal esophagus is discarded. Certainly in 
elderly individuals and in the poor-risk patient it is far less time consuming, 
associated with less operative trauma, and interferes less with postoperative 


eardiorespiratory function. 
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HISTOPATHOLOGY OF ADENOMATOUS POLYPS OF THE 
COLON AND RECTUM 


WitTH SpEcIAL EMPHASIS ON THE RELATIONSHIP BETWEEN 
ADENOMA AND CARCINOMA 


Harry E. Bacon, M.D., JoHN LAuRENsS, M.D.,* ANp AuGusTIN R. PEALE, M.D.,** 
PHILADELPHIA, PA. 


NNUMERABLE comprehensive reviews have appeared in the literature 

dealing with the pathogenesis, diagnosis, and treatment of adenomatous 
polyps of the large intestine. Be that as it may, there exists today amongst 
laboratory men and clinicians alike much confusion concerning the histopa- 
thology of these lesions. All are aware of the intimate relationship between 
adenomas and earcinomas of the colon and rectum.? In the management of 
these lesions it is extremely important that there be close cooperation between 
the pathologist and colonic surgeon. Womack*® emphasized this fact, present- 
ing 3 eases in which the microscopic examination of a small fragment of an 
adenoma of the rectum was inexact and misleading. Pathologists of course 
have argued this point repeatedly, requesting sections from the base of the 
lesions. MeLanahan*' stressed the importance of the microscopic appearance 
of a polypoid growth in determining the presence or absence of a malignant 
state, making a special plea for examination of the intact polyp as opposed to 
one or more biopsy fragments. 

On the other hand, there is considerable controversy concerning the ter- 
minology applied to this group of new growths. To quote from Ortmayer’*: 
“We are hopelessly confused by their (pathologists’) terms of metaplastic, 
hyperplastic, pseudoadenomatous, papillomatous, benign, precancerous, and 
carcinomatous polyps.” 


RELATIONSHIP BETWEEN ADENOMAS AND CARCINOMA 


Adenomas, as we know, may exist for vears, undergoing little or no change. 
Colvert and Brown® studied 235 eases of rectal polyps and instituted a 5 year 
follow-up program to determine whether patients who did not have their 
polyps removed developed carcinoma more frequently than those who did. 
In 167 cases the lesions were removed, while in 68 they were not. The results 
are presented in Table I. These authors coneluded that malignant polyps 
are either malignant in the beginning or else become malignant early, and that 
benign polyps do not become malignant with the passing of time. 

However, it is known that adenomas may appear rapidly and show little 
evidence of growth control, developing into the clinical state of cancer at an 
early date. It is extremely difficult to predict the fate of a particular lesion. 
Numerous workers have demonstrated the direct development of the benign 
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TABLE | 
| NUMBER PERCENT 
Total number biopsied on first examination 167 
Carcinoma present on first examination 10 5.9 
157 


Benign polyps removed 
followed 5 years 117 


subsequently developed carcinoma 3 2.5 
Total number of malignancies 13 8.4 
Number not removed on first examination and followed 5 

43 


years or more 
number that subsequently developed carcinoma 


into the malignant process. Westhues* stated that 15 per cent of his colorectal 
malignaneies definitely arose from adenomas, while in another 34 per cent, 
their origin from polyps was highly probable. Helwig,’® in a series of 154 
patients with adenomas, found that 10 or 7.5 per cent had foci of carcinoma in 
an adenoma, and 25 or 19 per cent had frank carcinoma. Swinton and War- 
ren,*' in 827 eases of cancer of the colon and rectum, found that in 14 per cent 
the malignancy had developed from an adenoma as shown by microscopic ex- 
amination. Manheim and Druckerman’’ described a case of an adenoma that 
they felt had existed for at least 10 years. The patient was proctoscoped and 
both the clinical appearance and pathologie report were of a benign adenom- 
atous polyp. Eight weeks later, the clinical appearance had changed to such 
an extent that the diagnosis of malignancy was made and confirmed by the 
pathologist. Of 131 patients in whom resection of the large bowel was done 
for eareinoma and who died within 3 weeks due to complications, Sehlicke** 
found polyps in 49 or 37.4 per cent, and in 7 or 14.5 per cent, malignant changes 
had oeeurred. Bacon and Broad* studied 171 consecutive operative specimens 
of eaneer of the sigmoid and rectum and found that 54 or 31.2 per cent had 
concomitant adenomas, 11 of which, or 20 per cent, had undergone malignant 
change. Buie and Brust,*® in a review of solitary adenomas, had 87 patients 
who would not submit to any form of treatment. Four of these, or 4.6 per 
cent, subsequently developed malignaney of the lower sigmoid or rectum. 
Fitzgibbon and Rankin" were of the opinion that a certain number of these 
lesions are destined for a benign course and that their benignaney ean be 
assessed on the basis of certain gross and microseopi¢ characteristies. On the 
other hand, Martin’® felt that the greatest majority, if not all, of polypoid 
lesions of the colon and reetum will show abnormal changes, whether they be 
anaplastic, hyperplastic, or precancerous, and if allowed to remain in situ, will 
become frankly malignant. 

With this discussion of the relationship between adenomas and carcinomas 
as a preamble, let us consider the origin of adenomatous polyps, their evolution, 


histologie characteristies, and classification. 


PATHOGENESIS AND EVOLUTION 


‘‘The cell is the unit of life,’’ said Virechow®™ half a century ago. He be- 
lieved in the theory of ‘‘omnis cellula et cellula.’’ ‘‘ Where a cell arises, there a 
cell must have previously existed, just as an animal ean spring only from an ani- 
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mal, a plant only from a plant. Even in pathology we can now go so far as to 
establish, as a general principle, that no development of any kind begins ‘de 
novo,’ and consequently as to reject the theory of equivocal (spontaneous) gen- 
eration just as much in the history of the development of individual parts as we 
do in that of entire organisms.’** Ribbert?> felt that polyps originated in mis- 
placed embryonal cells that may remain unaltered until an advanced age, but 
may be stimulated to activity at any time by irritation. These groups of cells 
are small and isolated and the polyp does not become malignant as a whole, but 
only in part. He believed this to be due to conditions which permit invasion 
rather than an alteration in the epithelial cells themselves. Verse*? believed 
polyps to be the result of catarrhal affections acting upon previously normal cells. 
He concluded that cancer does not originate from a small group of quasipredes- 
tined cells, but from moderately extensive areas of the mucosal surface, and that 
between the original epithelial hyperplasia and the cancer there is always an 
intervening stage of adenomatosis. Oertel?? presented evidence against the con- 
ception of independence or autonomy in tumor cells. He believed that vascular 
construction preceded actual growth and that the actual tumor is an innervated 
tissue and stands therefore in some relation to the nervous system. He stated 
that both of these findings put the tumor into a somewhat different light, for 
they indicated that the tumor extended beyond the cell to the whole functional 
and structural complexity of the tumor orzanization and growth. Lockhart- 
Mummery and Dukes," in a discussion of precancerous changes in the rectum 
and colon, said that the earliest recognizable lesion is a hyperplastic change 
scattered over an extensive area of the bowel, to be followed by visible tumor- 
ous adenomas in what they eall the visible precancerous stage. They stated: 
“It would appear that carcinoma formation is an incidence happening to a 
previously existing adenoma. With the development and dissemination of the 
malignant tumor, the neighboring epithelial proliferations tend to regress and 
disappear so that they are less evident in association with large malignant 
ulcers.” Ewing’? felt that the study of the origin of polyps was in essence the 
study of tumors itself, and that in the histogenesis of polyps and carcinoma, 
the transition in early stages for one was essentially the same as for the other. 

Bargen® has found that some form of polypoid hyperplasia of the colonic 
mucosa exists in 50 per cent of people over 30 years of age. Atwater and 
Bargen! studied the mucosa of the entire colon of 241 autopsy specimens with 
a hand lens and found that 166 cases, or 69 per cent, presented polyps. Bargen, 
Cromar and Dixon® at one time felt that the enlargement of lymphoid aggre- 
gations in the submucosa, with subsequent development of large encapsulated 
follicles with secondary centers, produced associated changes in the epithelial 
cells. With rupture of the follicles into the lumen of the bowel, the epithelium 
prolapsed into their substances, with escape of the atypical glandular strue- 
tures composed of primitive epithelial cells into the loose connective tissue, 
produeing the so-called “Sehultze pattern.’*° However, this was later refuted 
by Atwater and Bargen,? who found the same pattern in control colons with 
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no abnormalities. Hauser and Bardenhauer’® and Quenu and Landel** be. 
lieved that a primary change took place in the epithelium of the glands anc 
that the inflammation was secondary. 

Helwig,’® in an exhaustive survey of autopsy material, studied 1,460 con 
secutive cases. All mucosal elevations were removed, fixed, and the site 
recorded. Step and serial sections were then made through the blocks. There 
was no evidence to support the concept of inflammation as an inciting agent, 
colitis and adenomas being found only onee. He further maintained that no 
evidence could be adduced that any particular group of adenomas would main- 
tain a constant benign course, and that one could not predict a selected group 
of adenomas would not contain a focus of carcinoma at some future date. 


HISTOLOGIC CHARACTERISTICS AND CLASSIFICATION 


From the study just described, Helwig'® concluded that there were no dis- 
tinguishing characteristics that would warrant a classification of adenomas. To 
him all appeared basically similar. In the minute adenomas he described a pic- 
ture of epithelial hyperplasia, with either an increase in the size or number of 
glands. Dukes" observed similar patches of epithelial hyperplasia in the vicinity 
of carcinomas of the colon and felt that they were the first step in the formation 
of adenomas. Saint?® has presented probably the clearest and most detailed 
description of the development of an adenoma. At one point in the mucosa there 
begins a hypertrophy and hyperplasia of the glandular tissue causing a thick- 
ening of the mucosa which forms a small fold. There then appears the first 
suggestion of a pedicle, the development of which is due to the drag caused by 
feces and peristaltic activity attempting to expel what is virtually a foreign 
body. Once the glands have reached the stage of proliferation the tumor in- 
creases in size by the formation of new glands, so that the youngest glands are 
near the periphery. The cells here are less differentiated and therefore younger, 
and the glands themselves are seen to be segmenting. With the growth of the 
adenoma, the cells become less differentiated. Acini are present which contain 
numerous cellular ingrowths which unite with others and form epithelial par- 
titions dividing up the acini irregularly. Finally, there is no differentiation in 
the cells, the acini contain irregular masses of multinucleated protoplasm, the 
nuclei proliferate and are arranged in a disorderly manner, and are irregular 
in size, shape, and staining character with irregular mitotic figures. This means 
that proliferation is so rapid that it is only seen in cells which are concerned with 
the embryologie function of propagation, these of course being malignant. The 
basement membrane disappears and the cells invade the connective tissue, a find- 
ing which is held to be pathognomonie of malignancy. The carcinomatous change 
thus is found always in the periphery. On the other hand, Quenu and Landel** 
testified to a center of proliferation situated in the neighborhood of the pedicle, 
and stated that new glands form in this area and migrate outward toward the 
periphery, and that therefore those near the pedicle are the youngest. 

We thus again come back to the relationship between adenomas and ear- 
cinomas from a histologic point of view. Helwig,’® in a study of his many 
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serial sections, called attention to minor variations in structure in different 
parts of an adenoma rather than a homogeneous picture. A few contained a 
focus or foci resembling carcinoma, representing the transition stage, the 
establishment of which is difficult. In determining the presence of carcinoma 
arising in an adenoma, he used the eriteria of Swinton and Warren*! which 
were as follows: (1) anaplasia: variation in the size of cells and nuclei, deep- 
staining nuclei with prominent nucleoli, and mitotic figures; (2) irregularity : 
extensive stratification of cells, intraglandular budding, or both and marked 
variation in polarity of nuclei; and (3) invasion: no border between the cells 
and stroma. In order for the lesion to be malignant, at least 2 of these must 
be present. Of course, definite lymphatic or intravascular invasion meant 
unquestionable malignancy. 

There is considerable disagreement concerning the histologic criteria for 
differentiation between innocent and potentially malignant polyps. Hauser’ 
first demonstrated that many consisted of glands not identical with the erypts 
of Lieberkiihn, which showed branching and were lined by tall columnar epi- 
thelial cells and not by goblet cells. He regarded these as de-differentiated 
cells and polyps of this type as potentially malignant. Verse** took a similar 
point of view and said that further atypism meant irreversible cytologic change 
necessarily resulting in carcinoma. Schmieden and Westhues”® classified ade- 
nomas into 3 groups based on clinical and pathologie factors combined, stress- 
ing degree of de-differentiation, structure of glandular elements, and macro- 
scopie appearance. David'’ divided these lesions into 3 groups as follows: 


1. The first consists of multiple millet-seed sized flat elevations which are 
seen as a result of senile hyperplasia, inflammation, or in the mucosa of the 
bowel 3 to 6 inches above or below an ulcerating carcinoma. These are simple 
hyperplasias with enlargement of the glandular structures of the mucosa, but 
the staining properties of the cells are those of the surrounding mucosa, and 
the relation to the basement membrane is preserved. 

2. True adenomatous polyps may vary in size from a pea to a cherry, be 
sessile or peduneculated, and have the same histologic structure as the mucosa 
except for hyperplasia, or they may present strikingly different staining 
properties with deep-staining protoplasm and nuclei, mitotie figures, and 
stratification of cells. At the base of the adenoma the structure is more nearly 
normal than at the periphery, where branching and cuplike enlargement of 
the glands take place, and a beginning loss of order of the epithelium in rela- 
tion to the connective tissue pedicle is observed. However, and most impor- 
tant of all, the relation of the epithelial elements to the basement membrane is 
everywhere preserved. This type of lesion he considers a true tumor, benign 
in structure. 

3. Then there is a third group, described by Westhues,** which shows 
more advanced changes in structure bringing it closer to carcinoma. In these 
lesions, nearly all order in the epithelial structure is lost. The branching, 
elongated tubules with cuplike outgrowths, the cells of which are many lay- 
ered and deeply staining, have lost a definite relation to the basement mem- 
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brane. The muscularis mucosae is absent in many places. At the base of th. 

lesion the glandular tubules are distorted and pushed apart. It is but a ste, 

from this structure to actual infiltration and invasion which David'® main 

tained is still the criterion for malignancy. Feyrter' studied 1,017 polyps o/ 
the colon taken from 1,800 autopsies and concluded that one must differentiate 
between hyperplasia that remains such, hyperplasia that develops into an 
adenoma, and hyperplasia that develops into a cancer. To quote: “Infiltrat- 
ing destructive growth is the principle sign of cancer. The other signs of 
increased activity of epithelial growth are suggestive but offer no proof.” 

On the other hand, there is the school led by Broders’ and Schiller,?’ who 
believe in carcinoma in situ, a condition in which malignant epithelial cells 
and their progeny are found in or near positions occupied by their ancestors 
before the ancestors underwent malignant transformation. The cells have not 
migrated beyond the basement membrane, but nonmalignant cells have been 
replaced by malignant cells in what were normal acini or tubules. According 
to Broders,’ the diagnosis of carcinoma in situ is based on altered cellular 
characteristics which are as follows: (1) hyperchromatie nuclei; (2) increase 
in size of nuclei; and (3) irregularity of nuclei, atypical mitosis, and groups 
of nuclei forming tumor giant cells. He stated: “The day has passed when 
epithelium can be considered nonearcinomatous or precarcinomatous because 
it is within the confines of the so-called basement membrane, and conversely, 
earcinomatose because it has penetrated beyond this barrier. It is therefore 
imperative that the microscopist take into consideration the character of the 
epithelial cells above everything else in order to arrive at a correct diagnosis.” 

We are thus confronted with 2 contrasting concepts in the study of the 
histopathology of adenomatous polyps of the colon and rectum. This has and 
will probably continue to cause confusion among all of us. As long as dif- 
ferent criteria are used by different authorities in diagnosing malignancy, 
there will be difficulty in comparing or combining statistics by various authors. 
As Schiller?? has suggested, each should publish his definition of the concept 
of and his eriteria for malignancy, then it might be possible to transform 
statistics to a common denominator. 


PRESENT STUDY—MATERIAL AND METHODS 


With these thoughts in mind, it was felt that a study of the microscopic 
pathology of a large series of cases of carcinoma of the colon and rectum might 
further help clarify the situation. Consequently, a personal group of 800 cases 
of cancer of the large bowel from September, 1940, to September, 1948, were 
reviewed. The gross pathology was examined indirectly by means of the 
recorded descriptions of the individual specimens. The histopathology was 
then reviewed in each ease, and by a correlation of the 2, a group was obtained 
which we felt was satisfactory for detailed microscopic study. We selected 
all adenomatous lesions which fell into these 2 categories: first, those removed 
by any one of the following methods: (a) bowel resection, (b) transabdominal 
ecolotomy, (¢) loeal excision from below, and (d) electrocoagulation via the 
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sigmoidoscope; and second, those found in an operative specimen following 
resection along with the primary lesion (carcinoma) for which the operation 
was performed. Of the 800 cases of cancer of the colon and rectum, 162 
pathologie specimens which fulfilled all requirements were available for study. 

As mentioned previously, Westhues* stated that 15 per cent of his series 
of colorectal malignancies definitely arose from an adenoma, while in another 
34 per cent their origin from polyps was highly probable. Likewise, Swinton 
and Warren,*! in 827 cases of cancer of the colon and rectum, found that in 
14 per cent the malignancy had developed from an adenoma as shown by 
microscopic examination. It was therefore our purpose to determine in exactly 
how many of the present series we could definitely trace the origin of the ear- 
cinoma to an adenomatous polyp, and to present our eriteria for arriving at 
the diagnosis of malignancy. In addition, it was thought wise to include those 
eases in which there was only presumptive evidence of the genesis of a car- 
cinoma from an adenoma, although the subject of the direct development of 
the benign into the malignant process has been amply reviewed by previous 
investigators. However, from the proctologist’s point of view, the proper 
management of the adenomatous lesion is extremely important, and it is for 
this reason that so much emphasis is being placed on the histopathology and 
pathogenesis of this group of new growths. 


CASES STUDIED 


The 162 cases which were selected were divided into the following categories, 
a summary of which is presented in Table IT. 


TABLE II, ADENOMATOUS LESIONS FOUND IN A Stupy oF 800 CASES OF CANCER 
OF THE COLON AND RECTUM 


NUMBER PER CENT 


Benign adenoma 26 16 

Adenoma with atypism 16 9.8 
Adenoma malignum (adenocarcinoma in situ) 61 37.9 
Adenocarcinoma grade 1 24 14.8 
Adenocarcinoma grade 2, arising in an adenoma 5 3.0 
Polypoid papillary adenocarcinoma 30 18.5 
Total 162 100 


The Benign Adenoma.—There were 26 of these, comprising 16 per cent of 
the total number. In this lesion there is merely a uniform proliferation of 
glands, which are regular in size and shape. The lining cells are usually tall 
columnar, one cell row deep, and frequently of the goblet-cell variety. The cells 
and nuclei show little, if any, variation in size and staining properties; the cells 
are regularly arranged with no intraglandular budding or stratification; the 
nuclei retain their basal position; atypical mitoses are absent or infrequent; 
and of course, the basement membrane is everywhere intact (Fig. 1). This 
lesion is difficult to distinguish, on cytologic grounds alone, from focal hyper- 
plasia, and the gross appearance is extremely helpful in arriving at a final 
diagnosis. 
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The Adenoma With Atypism.—There were 16 of these comprising 9.8 per 
cent of the total number. A few words of explanation are necessary to define 
the word “atypism.” This is a relatively new and somewhat abused term which 
is being used in connection with certain lesions of the bowel, cervix, and other 
epithelial surfaces by a number of pathologists. Although it is not uniformly 
accepted, it is probably a good descriptive term to use in signifying those 
lesions which for the most part appear benign, but which contain one or more 
small foci of atypical epithelial proliferation, which seems to be more than 
that seen in response to inflammation or degeneration, and yet its exact status 
is difficult to assess. The major part of the lesion appears quite similar to the 
ordinary adenoma, but in these small localized areas we see varying degrees 
of hyperchromatism of nuclei, some pleomorphism, minimal pseudostratifica- 
tion, beginning loss of polarity of the nuclei, and occasional atypical mitotic 
figures (Fig. 2). While we must admit that the use of the word “atypism” 
represents a certain amount of hedging, we believe that it has a definite place 
in the histopathology of those lesions which present certain localized altera- 
tions in cellular characteristics, but which have not yet reached the stage 
where they can be called malignant. Perhaps instead of using this descriptive 
term, we might utilize the older terminology of premalignant or precancerous, 
but that terminology would indicate that atypism is a premalignant change 
and at the present time we must admit that we do not know the true signifi- 
cance of such changes. Other terms such as dyskeratosis and dyskaryosis have 
been suggested, but additional descriptive terms tend only to confuse the issue. 
As long as the proctologist and pathologist understand the usage of the term 
“atypism” it seems to be an acceptable one, although, as indicated, any other 
term that would convey the same impression is justifiable. We are certain 
that the previously designated atypical changes masqueraded only a few years 
back under the guise of adenoma malignum, but since more rigid criteria have 
been established for carcinomatous evaluation, atypism and adenoma malig- 
num should not be used synonymously. Fig. 2 brings out the characteristics 
just alluded to, and perhaps the irregular, deeply staining glands are acinar 
structures that lack secretory activity and have no eryptie significance. Since 
these changes were found in 9.8 per cent of our total reported cases and since 
it is generally agreed from the clinical standpoint that all bowel adenomas are 
potentially malignant, perhaps these atypical changes represent the transition 
from benignaney to frank malignaney, but full acceptance of this evolution 
must await adequate proof. 

Adenoma Malignum or Adenocarcinoma in Situ.—There were 61 of these, 
comprising 37.9 per cent of the total number. We might pause at this point to 
state that we are in complete accord with those who feel that the character 
of the epithelial cells must be taken into consideration, and that a lesion must 
not be considered benign or premalignant just because it is within the confines 
of the basement membrane. In this type of lesion, in one or more foci or in 
the entire growth there are the accepted cytologic features of malignant neo- 
plasia: namely, irregularity of gland pattern, pleomorphism, hyperchromatism 
and unbalanced mitotie activity of the component cells, loss of polarity, and 
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Fig. 2. 


Fig. 1.—Benign Adenoma: The section shows a proliferation of uniform glands lined 
by a single row of tall cylindrical cells, showing secretory droplets. The nuclei are small, 
uniform, and located at the base of the glands. 

: Fig. 2.—Adenoma With Atypism: Here the glands are moderately dilated and somewhat 
irregular. The lining epithelium is 2 to 3 cell rows deep; it is tall columnar in type and 
nonsecretory. The nuclei are dark and exhibit loss of polarity. 


Fig. 1. 


Fig. 4. 


Fig. 3.—Adenoma Malignum, Adenoma With Adenocarcinomatous Change in Situ: Com- 
parison of the above picture with the 2 preceding pictures brings out the essential, although 
perhaps subtle, differences. Here the glands are more irregular and more dilated; there is 
beginning pseudostratification of the lining cells, papillary infolding, and one tiny area of 
secondary daughter acinar formation. The nuclei are swollen and exhibit unbalanced mitotic 
activity and loss of polarity. There is no frank evidence of invasion. 

Fig. 4.—Adenocarcinoma, Grade 1, Arising in an Adenoma: The glands in the upper 
part of the field show the cytologic features of malignant neoplasia; in the lower part of the 
field the glands are atypical. In another area (not shown in the photograph), there was 
suggestive evidence of invasion of the muscularis mucosae. 


Fig. 3. 
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Fig. 5.—Adenocarcinoma, Grade 2, Arising in an Adenoma: This field fails to show the 
transition from adenoma to adenocarcinoma which was present in other microscopic fields. 
However, it does bring out the malignant neoplastic qualities of the glands along with invasion. 

Fig. 6.—Polypoid Papillary Adenocarcinoma, Grade 2: There was presumptive evidence 
of an origin from an adenoma in this case. This picture brings out the malignant neoplastic 
features of the glands along with intraluminal papillary proliferation. 


Fig. 5. 
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pseudostratification, along with secondary daughter acinar proliferation. How- 
ever, there is still a border between the cells and stroma and penetration oi 
the basement membrane is absent (Fig. 3). This lesion, we feel, should h« 
included among the malignancies, as it is but a step to actual invasion and 
infiltration. A synonymous descriptive term for adenoma malignum could 
be adenoma with adenoecarcinomatous change, the adenocarcinomatous change 
being in situ. 

Adenocarcinoma, Grade 1.—There were 24 of these, comprising 14.8 per cent 
of the total number. In this lesion, there is definite invasion through the 
muscularis mucosae at one or more points. The lesion is polypoid in nature 
and presents more or less the cellular changes as described for the adenoma 
malignum plus the fact that there is histologic evidence of invasion (Fig. 4). 

Adenocarcinoma, Grade 2, Definitely Arising in an Adenoma.—There were 
5 of these, comprising 3 per cent of the total number. This small group is com- 
prised of those lesions of well-established malignaney which were clearly shown 
to have arisen in a previously benign adenoma. Their nature is clearly under- 
stood and nothing further need be said about them (Fig. 5). 

Polypoid Papillary Adenocarcinoma.—There were 30 of these, comprising 
18.5 per cent of the total number. These lesions were selected from the entire 
group as representing those frank carcinomas which, on histologic examination, 
presented presumptive evidence of having arisen in an adenoma. They are 
ineluded to add further weight to the almost universally accepted fact that a 
ereat many, if not all, carcinomas arise in pre-existing benign adenomas (Fig. 6). 


TABLE III. CARCINOMAS HAVING THEIR ORIGIN IN BENIGN ADENOMATOUS POLYPS 


| NUMBER | PER CENT 
Adenoma malignum (adenocarcinoma in situ) 61 
Adenocarcinoma grade 1 24 
Adenocarcinoma grade 2 definitely arising in an 
adenoma 5 
90 11.25 
Adenocarcinoma grade 2 with presumptive evidence 
of having arisen in an adenoma 30 3.75 
120 15 


Total 


ASSOCIATION OF ADENOMATOUS LESIONS WITH INVASIVE CARCINOMA 


Bacon and Tavenner,‘ in a recent review, found 7.3 per cent multiple pri- 
mary malignancies involving the colon and rectum. In the present series, it was 
noted that a certain number of each of the preceding adenomatous lesions, in- 


TABLE IV. ADENOMATOUS LESIONS FOUND IN CONJUNCTION WITH A FRANK 
INVASIVE CARCINOMA 


| NUMBER | PER CENT 
Benign adenoma 14 8.6 
Adenoma with atypism 8 4.9 
Adenoma malignum (adenocarcinoma in situ) 23 14.0 
3 1.8 


Adenocarcinoma grade 1 


Total 48 


i 
| 
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eluding the benign adenoma, the adenoma with atypism, the adenoma malignum, 
and the adenocarcinoma, Grade 1, were found in conjunction with a frank 
invasive carcinoma. A summary of these findings is presented in Table IV. 


TREATMENT 


Though it is not our purpose to present a detailed description of the treat- 
ment of the aforementioned lesions, a few generalities are in order. Small 
sessile adenomas within reach of the sigmoidoscope are biopsied and then 
fulgurated with the coagulating electrode. Benign pedunculated lesions oc- 
curring within the rectum are removed completely either with the electric 
snare or by local excision, depending on their size and location. However, 
pedunculated adenomas occurring on the anterior wall above the peritoneal 
reflection are best removed by transabdominal sigmoidotomy. Those rectal 
lesions which on biopsy reveal “atypism” present a different problem. If the 
lesion is on a long narrow pedicle and suitably located, it is removed by elec- 
trocoagulation with the snare. However, if the pedicle is short and broad and 
the lesion low, adequate local excision is performed, while if it is high in the 
rectum near the rectosigmoid it is removed transabdominally as mentioned 
previously. If an adenomatous polyp is reported as “adenoma malignum,” 
then radical surgery should be performed. These adenomas, as stated pre- 
viously, are carcinomas in situ, and should be treated accordingly. MeLana- 
han*! has recently presented the results following conservative surgical man- 
agement of a series of 38 patients with rectal adenomas showing malignant 
change. All were treated by local surgical methods and followed for more 
than a year. Twenty-eight remained well, while 10 had 1 or more local recur- 
rences. Five of the recurrences were clinical cancer and occurred in those 
patients whose original lesions showed microscopic evidence of invasion, of 
which the total number was 15. Grade 1 adenocarcinomas of the rectum are 
likewise treated by abdominoperineal proctosigmoidectomy with preservation 
of the sphincters, or by a Miles abdominoperineal excision, depending on the 
location of the lesion.* The other groups, of course, are treated by similar 
radical resections. Concerning those lesions occurring in the colon, the ap- 
proach is also radical. Colotomy is performed on all patients with adenom- 
atous lesions, unless a diagnosis of malignancy has been established. If the 
adenoma is on a long pedicle, it is removed by local excision, and if sections 
of the base reveal absence of invasion, then this is all that is done. However, 
if the lesion is at all suspicious grossly, and/or the pedicle is short and broad, 
then a resection with end-to-end anastomosis or an abdominoperineal excision 
is performed, depending on the location of the lesion.? It is felt that this 
radical approach to these pre-invasive lesions with alterations in cellular char- 
acteristics (cellular malignaney) is justified. Of course the frank adeno- 
carcinomas, no matter what their gross characteristics are, must be treated by 


radieal resection. 
CONCLUSIONS 


We thus find that out of a series of 800 carcinomas of the colon and rectum, 
there were 90 or 11.25 per cent which we can definitely say had their origin in 


j 
: 
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a benign adenomatous polyp, plus 30 or 3.75 per cent which we can presume 
had a similar origin (Table IIT). We have divided these lesions into categories 
determined by gross and microscopic examination, and have presented criteria 
for arriving at the diagnosis of malignancy. The management of those lesions 
which fall into groups 2 and 3 resolves itself into careful evaluation of the gross 
and microseopie pathology present, with adequate surgical removal by whatever 
method is best suited to the individual case. The other groups are managed as 
in any ease of cancer: that is, by radical resection. 


SUMMARY 


1. The origin, pathogenesis, and histopathology of adenomatous polyps of 
the colon and rectum are reviewed. 

2. Special emphasis is placed on the relationship between the benign ade- 
noma and carcinoma. 

3. A pathologie study has been made of 800 cases of carcinoma of the large 
bowel. One hundred sixty-two adenomatous lesions were examined microscopi- 
eally and classified accordingly. There were 26 benign adenomas, 16 adenomas 
with atypism, 61 adenomata malignum or adenocarcinomas in situ, 24 grade 1] 
adenocarcinomas, 5 grade 2 adenocarcinomas definitely arising in an adenoma, 
and 30 polypoid papillary grade 2 adenocarcinomas which presented presump- 
tive evidence of having arisen in an adenoma. 

4. Of this series 11.25 per cent showed definite histologic evidence of hav- 
ing arisen in an adenoma, while another 3.75 per cent presented presumptive 
evidence of such origin. 

5. The eriteria for the diagnosis of malignancy are presented, and the im- 
portance of the character of the epithelial cells is stressed. 

6. Close cooperation between the colonic surgeon and the pathologist is 
urged if we are to have a better understanding of the proper management of 
this important group of new growths. 

7. Adequate surgical removal of certain polypoid lesions of the colon and 
rectum should be earried out, even if this requires radical resection in selected 


cases. 
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PUMP-OXYGENATOR TO SUPPLANT THE HEART AND LUNGS 
FOR BRIEF PERIODS 


I. EVALUATION OF OXYGENATOR TECHNIQUES; AN EFFICIENT OXYGENATOR 


Karu E. Karuson, M.D., CLARENCE DENNIS, M.D., PH.D., 
DARRELL WESTOVER, M.D., AND DAvip SANDERSON, M.D., 
MINNEAPOLIS, MINN. 


(From the Department of Surgery, School of the Medical Sciences, University of Minnesota) 


ECENT advanees in surgery have made operations upon the heart much 

more than surgical stunts, and have opened a hitherto relatively un- 
touched field of surgical endeavor. The experiences of IHlarken and associ- 
ates,*® Smithy and co-workers,* Bailey and colleagues,' and Glover and as- 
sociates** with the surgical correction of mitral stenosis, those of Broek’ with 
a direct operative attack upon pulmonie stenosis, and of Murray®® and Swan 
and co-workers® with closure of septal defects have stimulated renewed in- 
terest in the treatment of these conditions. However, all of these procedures 
have the disadvantage of compelling the operator to attempt the anatomic 
alteration of a structure which he has never actually seen, although he may 
have palpated it directly. Moreover, this procedure must be done blindly, 
either with the use of a long instrument inserted into the cavity of the 
heart,’ ** ®* with a knife attached to the finger,’ ** or with a blindly inserted 
suture.°° The anatomic change resulting from the procedure may not be 
visualized, and the operator must be left in doubt as to what was actually ae- 
complished. These limitations are implied by Harken, Ellis, and Norman,** 
and by Bailey, Glover, and O’Neill' who express the opinion that present tech- 
niques of valvular surgery will be outmoded by the development of an extra- 
corporeal circuit which would be capable of deviating the circulating blood 
volume around the heart for a sufficient period to visualize the intracardiac 
operative field. 


CHARACTERISTICS OF AN ADEQUATE OXYGENATOR 


In planning the construction of an extracorporeal pump and oxygenator 
for replacing the heart and lungs during brief periods of valvular or septal 
surgery, we have evaluated various types of oxygenators. [or the purposes 
of this evaluation, and to derive a standard with which to compare each oxy- 
genator, the following factors have been considered: (1) adequate tissue oxy- 
genation; (2) the amount of blood contained on the oxygenating surfaces dur- 
ing operation; (3) hemolysis; and (4) foaming. 

Supported chiefly by a research grant from the United States Public Health Service. 


Supported in part by a_ research grant from the Graduate School of the University of Minne- 
oe, ba Patients’ Fund for Clinical Research, and gifts from Mr. George Durkee and Mr. 
ax Byer. 
This paper is in large measure a condensation of a thesis submitted by Karl E. Karlson 
to the Graduate School of the University of Minnesota in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy in Surgery. 


Received for publication, Sept. 12, 1950. 


678 


Volume 29 PUMP-OXYGENATOR TO SUPPLANT HEART AND LUNGS 679 

We shall consider the relation of each of these factors to oxygenators 
which are contemplated for use in a perfusion system capable of supplying 
a sufficient amount of oxygenated blood for the physiologic activity of the 
entire body. 

1. Adequate Tissue Oxygenation—The primary purpose of a perfusion 
system is to supply oxygen to the tissues and remove carbon dioxide during 
the period of extrapulmonary deviation of the circulation. This is necessary 
because of the short time which anoxemia is tolerated. Many investigators 
have reported that the brain can survive anoxia only 2 to 3 minutes without 
permanent damage.'® 2% 24 4. 47 This period precludes any surgery upon 
the open heart which takes longer than a minute or two. It is thus generally 
agreed that an oxygenator and pump would be required to perfuse the brain 
if the circulation is to be interrupted. 

Crafoord and Nylin’® assumed that the blood flow to all organs except the 
brain may be suspended for 20 minutes without damage. However, neuro- 
logical changes have been found in the spinal cord or hind limbs of dogs after 
10 minutes,®*> and 15 or 20 minutes,"' of clamping the thoracic aorta. The 
heart may also withstand anoxemia poorly. Five minutes of coronary artery 
occlusion have resulted in electrocardiographie changes which lasted 4 days, 
while 25 to 45 minutes of occlusions resulted in grossly detectable myocardial 
lesions.» Liver anoxemia as a result of occlusion of the hepatic artery and 
portal vein in dogs results in hepatie necrosis in 89 per cent of animals after 
30 minutes of occlusion,®® and shorter periods of hepatic anoxia may pre- 
cipitate the irreversible state of shock.?® The kidney“ and intestine® *° 
apparently withstand at least 3 hours of anoxemia without permanent damage. 

If intracardiac procedures are contemplated which would require more 
than 15 minutes to complete, it would appear that perfusion of the entire 
body, and particularly the spinal cord, heart, and liver, must be accomplished. 
The ideal oxygenator, therefore, must be capable of providing sufficient oxy- 
genated blood for other parts of the body in addition to the brain. 

Sewell and Glenn** have devised a method to sidetrack the flow through 
the right side of the heart by withdrawal of blood from the vena cava and 
return of it through a pump and the pulmonary artery, thus making possible 
approach to the right ventricle. On the left side, Sirak, Ellison, and Zollinger* 
have accomplished essentially the same thing. These represent elegant tech- 
niques, but they do not permit attack on interventricular or interatrial septal 
defects, nor do they make possible an uncomplicated approach to the atrio- 
ventricular valves. For this purpose, as Gibbon*! has emphasized, it is essen- 
tial to divert blood not only from both ventricles, but from both auricles and 
the great vessels as well. Such an accomplishment demands an oxygenator 
as well as pumps. 

The degree of oxygen saturation necessary for normal function of the 
intaet organism is also of importance, since it may be that 100 per cent 
saturation of the blood leaving an oxygenator is not necessary. Six per cent 
oxygen in inspired air rarely produced unconsciousness during a 4 to 15 
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minute exposure of human subjects.‘' Iurther, pulse rate, blood pressure, 
venous pressure, circulation time, respiratory minute volume, and hematocrit 
did not deviate from normal with arterial oxygen saturations down to 80 per 
cent in man.*! The first error in card sorting was found to occur at 64 per cent 
arterial oxygen saturation and unconsciousness at 56 per cent*® and 60 per 
cent.'? In dogs 7 per cent oxygen saturation in inspired air caused electro- 
cardiographie changes and eardiae dilation.** The critical level of arterial 
oxygen saturation for normal function is thus probably below 80 per cent, 
with the heart being less sensitive to anoxia than the brain.’ An adequate 
oxygenator must, therefore, be capable of perfusion of the entire body if pro- 
cedures of more than 10 or 15 minutes are contemplated. The oxygen satura- 
tion of the arterialized blood must be in the range of 80 per cent or higher. 
Complete saturation, though desirable, may not be necessary for normal 
physiologic activity. 

2. The Amount of Blood Contained on the Oxygenating Surfaces During 
Operation.—The blood required to form the film in the oxygenator must either 
be withdrawn from the animal to be perfused or must be introduced into the 
apparatus prior to perfusion. In either case it would be advantageous to keep 
this volume as small as possible. It would be advantageous to start the opera- 
tion with the oxygenator filled with donor blood. By striving to reduce this 
blood content, the amount of foreign protein which could be the source of 
‘transfusion reaction’’ would be reduced to a minimum. Thus, an oxygenator 
must be capable of introducing an adequate amount of oxygen into the blood 
with the use of a minimum volume of blood in the oxygenator. This concept 
may be expressed numerically as the cubie centimeters of oxygen introduced 
into the blood per minute per cubic centimeter of blood in the actual oxy- 
genating component of the apparatus (the blood film). The figure derived 
in this way will be termed the ‘‘efficiency’’ of the oxygenator and will be used 
to compare various oxygenators. This may also be expressed in terms of the 
mean period of transit of red cells through the oxygenating interface—the 
shorter the transit time with good oxygenation, the more efficient the ap- 
paratus. 

3. Hemolysis—While the blood is in the extracorporeal circuit, some 
destruction of erythrocytes will occur, but in a satisfactory apparatus, this must 
be minimal. Hemoglobulinuria follows hemoglobinemia of an amount greater 
than the renal threshold.** *® The acidity of the urine has been implicated in 
the development of renal damage during hemoglobinuria,” '* '* but evidence 
has also been presented that the level of the plasma hemoglobin is more im- 
portant, with an initial level of 3.7 Gm. per cent having been determined as 
the critical amount.?° Renal ischemia,** dehydration, and shock** also con- 
tribute to the development of renal damage after hemoglobinemia. Thus, it 
appears that when hemoglobinemia exceeds renal threshold values, especially 
when severe, or dehydration and/or shock are present, permanent renal dam- 
age may result. The renal threshold may also vary,*® a factor which makes 
minimal hemolysis advantageous. 
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4. Foaming.—When foaming occurs, there is loss of blood from the system, 
and thus from the animal, because blood as foam must be removed from the 
total blood volume of the system. Small gas bubbles in the blood produce 
embolization. The disadvantages of any foam or bubbles in the blood are, 
therefore, the necessity of having a bubble trap, with the volume thereof 
increasing the size of the perfusion circuit, the loss of blood, and the continued 
threat of embolization. 


REVIEW OF THE LITERATURE 


The available literature has been perused with the object of applying the 
preceding criteria to the various oxygenators which have been previously 
deseribed. One of the simplest methods of supplying oxygen during perfusion 
is to have available a large reservoir of oxygenated blood sufficient for the 
entire period of perfusion.** Another simple method is oxygenation by 
bubbling air or oxygen through the contents of a reservoir.*® °** ° Air or 
oxygen has also been brought into intimate contact with blood by pumping 
the gas through tubing of the perfusion system along with the blood.* 2% 42-4 46 
A refinement of the technique of introduction of oxygen directly into the blood 
stream was developed by Clark, Gollan, and Gupta’? in which venous blood 
was passed through a ‘‘dispersion oxygenation apparatus.’’ ‘‘DC Antifoam 
A’”’ and serial bubble traps were necessary to prevent embolization. Spraying 
blood and oxygen together so that droplets of blood mix with a stream of 
oxygen has also been tried.*? Most of these methods produce foam and all 
require bubble traps and bubble-breaking devices to prevent embolization. 
Filming blood upon the inner surface of a slowly revolving cylinder?’ or 
spiral'* placed horizontally, or nearly horizontally, has been employed. Less 
foaming results from this method than those employing bubbles of gas. Blood 
filmed on a silk curtain mounted in a glass jar containing oxygen,® or on 
numerous small spheres of glass, quartz, and so on, contained in a sealed vessel] 
containing oxygen atmosphere® *!°* *° also oxygenate, but the process is slow 
and relatively large amounts of blood are necessary. Glass plates,® stationary 
cylinders!® *°: >? and inverted truncated cones* have been used as filming sur- 
faces. In these devices the blood is exposed to oxygen as it runs down these 
surfaces. These methods also involve relatively large amounts of blood, and 
uneven film may decrease efficiency. 

The first successful perfusion of an entire animal with a pump-oxygenator 
was accomplished by Gibbon,?* who maintained the circulation of cats for 
periods up to 2 hours and 51 minutes. Oxygenation was achieved by filming 
the blood on the inner surface of a vertical revolving cylinder with a surface 
area of 2,300 em.2 An atmosphere of oxygen and carbon dioxide was present 
within the cylinder. It was reported that blood flows of 50 e.e. to 600 c.e. 
per minute were possible without foaming and that the film contained 35 c.e. 
of blood. No mention was made, however, of changes in content with changes 
in blood flow. Further experiments were reported*® in which cats were per- 
fused for 10 to 25 minutes while the pulmonary artery was clamped. The 
periods of pulmonary artery occlusion were not long because of the difficulty 
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of supplying an adequate amount of oxygen to the blood. Later, Gibbon and 
Kraul*? deseribed a larger oxygenator of the same type with an area of 4,140 
em.? Optimum rate of rotation was reported as 250 r.p.m. Faster rotation 
did not increase oxygenation while slower speed allowed the film to break 
into rivulets. Hemolysis was slight. The film was ealeulated to be 213 microns 
thick at 250 r.p.m. and 250 ¢.c. per minute flow. Under these conditions there 
was 85 ¢.e. of blood in the film. 

Perfusion of the heads of dogs has been done by Bjérk* using an oxy- 
genator consisting of a series of discs mounted upon a horizontal shaft. These 
dises all dip into a slowly flowing stream of blood so that a film 15 mm. wide 
is formed at the periphery of the dises. Two such oxygenators have been con- 
structed, one with 40 dises and a ‘‘minute area’’ of 44 M.? at 120 r.p.m., the 
other with 50 dises and a ‘‘minute area’’ of 77 M.2. There was no foaming and 
there was little hemolysis. This apparatus was used to oxygenate blood for 
perfusion of the brain while normal respiration was stopped. 

A summary of the pertinent data available in the literature describing 
each of these oxygenators is tabulated in Table I. Most oxygenators have 
produced foam or have contained an excessive amount of blood in relation to 
the amount of oxygen which the apparatus was capable of introducing. There- 
fore, the efficiency (cubic centimeter of oxygen introduced into the blood per 
minute per cubie centimeter of blood in the oxygenator) of the oxygenators 
has been low. The transit time has been long. The apparatuses with the 
highest efficiencies are those of Bayliss, Fee, and Ogden*® and Gibbon,*® but 
foaming and embolization have been experienced with the former. The oxy- 


TABLE I, CHARACTERISTICS OF OXYGENATORS DESCRIBED IN THE LITERATURE 


C.C. 0, 
0, INTRO- INTRODUCED 
C.C. FLOW DUCED PER VOLUME PER C.C. 
PER MINUTE CONTENT CONTENT 
TYPE OF OXYGENATOR MINUTE (C.C.) (€.0.) PER MINUTE 

Frey and Gruber, 1885 400* 
Hooker, 1910 75* 
Richards and Drinker, 1915 50* 3.75 
Staub, 1929 500* 20 4,000 0.005 
Koch 200* 120 
Bornstein, 1926 500* 1,500 
Issekutz, 1927 100t 250 
Bayliss, Fee, and Ogden, 1928 260t 18 54 0.33 
von Euler and Heymans, 1932 250* 20 
Daly and Thorpe, 1933 660* 17 300 0.06 
Cruickshank, 1934 672* 34 400 0.08 
Thomas, 1939 750* 1,500 
Miiller, 1939 4,000* 100 
Gibbon, 1939 325t 11.7 35 0.33 
Gibbon and Kraul, 1941 322t 19.6 85 0.23 
Bjork, 1948, ‘‘small’’ 628+ 48 250 0.19 

‘“large’’ 762+ 90 400 0.22 
Jongbloed, 1949 4,200* 182 1,000 0.18 
Clark, Gollan, and Gupta, 1950 600* 150 

*Maximum. 
t+Average. 


tThis figure may be high due to incomplete data for calculation. 
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genators with the highest efficiency which do not foam are those of Gibbon*® 
and Bjérk*; however, the figure for the first Gibbon oxygenator (0.33 ¢.c. of 
oxygen introduced into the blood per minute per cubic centimeter content) 
may be unduly high because of lack of data with which to make a true evalua- 
tion. The figure of 0.23 caleulated for the second Gibbon oxygenator*? would 


bear this out. 


EXPERIMENTAL EVALUATION OF METHODS OF OXYGENATION 
In an attempt to construct an oxygenator which would contain a minimum 
amount of blood, be relatively atraumatie toward erythrocytes, and produce 
a minimal amount of foam, several types of oxygenators have been constructed 
and tested for oxygenating efficiency and foaming. These are: the Kolff ap- 
paratus; slowly revolving cylinders; the vertical revolving cylinder of Gibbon; 
and a revolving funnel. These will be deseribed in this order and observations 


on them tabulated. 


Kolff Type of Oxygenator 


<—— 20 


Blood | | if Blood 


outlet 


In each type of apparatus the oxygen content was raised by introduction 
of oxygen into the closed surrounding chamber. Whipped beef blood was 
empleyed in these studies. Temperature was maintained at 37° C. Blood gas 
determinations were done by the Van Slyke manometric method.7? 

The Kolff Apparatus.—Kolff** deseribed a dialyzing apparatus which he 
used to lower the blood urea nitrogen in uremic patients. In his discussion 
of this ‘‘artificial kidney’’ he stated that ‘‘the blood was being arterialized 
very rapidly through the cellophane’’ when he ran venous blood through the 
dialyzing tubing. Because of this report it was thought desirable to examine 
the possibility of exposing the blood to oxygen through a dialyzing membrane. 


Oxygen 
inlet : 
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In this way there would be no open blood-oxygen interface and, consequently, 
no foaming or bacterial contamination of the blood. In addition, no gas could 
be aspirated into the animal circulation. 

An apparatus similar to that which Kolff described** was set up, wrapping 
cellulose sausage casing* around a eireular drum which revolved as blood 
was run through the casing (Fig. 1). This unit was encased in an oxygen- 
containing, heated hood. The cellulose sausage casing used was 7345 inch, °%» 
inch, and 15 inches in diameter. The 745 inch and the *%» inch casing had 
a wall thickness of 0.008 inch, while the 15g inch casing had a wall thickness 
of 0.016 inch. The effects of the following variables upon the efficiency of this 
apparatus as an oxygenator were measured: rate of revolution of the drum, 
and diameter and thickness of the cellulose casing. Results of experiments 


with this method of oxygenation are shown in Table II. 


TABLE II. A REPRESENTATIVE EXPERIMENT ON THE EFFICIENCY OF THE KOLFF APPARATUS 
AS AN OXYGENATOR* 


VOLUME C.C. 0, INTRODUCED 
REVOLUTIONS CONTENT C.C. 02. INTRODUCED PER MINUTE TRANSIT TIME 
PER MINUTE OF CASING PER MINUTE PER C.C, CONTENT (SECONDS ) 
17.6 200 9.73 0.049 80 
26 220 9.37 0.043 88 
43 230 8.32 0.036 92 
48 270 7.28 0.027 108 


No significant change was produced by having the tubing dip into Ringer’s solution with 
each turn, or by use of different sizes of sausage casing with the same total area. 
: ee turns of 2542 inch sausage casing; surface area = 10,080 em., 150 c.c. flow per 
minute. 


The terms used in the tables are defined as follows: 


Revolutions per minute: This is the rate at which the drum was revolved 
while blood was flowing through the spiral of cellulose sausage casing wound 
around it. 

Volume content of casing: This is the blood-content of the sausage casing 
under the conditions of operation specified in each instance. After each de- 
termination of oxygenation, the intake tube of the apparatus was clamped. 
While the drum continued to revolve, the blood emptied into a graduated 
cylinder and was measured. After thus emptying the casing, the blood that 
could be actually forced out of the casing after removing it from the drum 
was found to be only a few cubie centimeters (3 per cent of content). 

Cubic centimeters O, introduced per minute: The volume of oxygen which 
the blood acquires is calculated in this manner: [ (oxygen content of blood 
leaving oxygenator in cubic centimeters oxygen per 100 ¢.c. blood) — (oxygen 
content of blood entering oxygenator in cubie centimeters oxygen per 100 ¢.c. 
blood) | x [eubie centimeters blood flowing through oxygenator per minute + 
100 ¢.e.]. 

Cubic centimeters O, introduced per minute per cubic centimeter content: 
The efficiency of an oxygenator has been described as the volume of oxygen 


*Visking Corporation, Chicago, IIl. 
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Number 


introduced into the blood per minute per unit volume of blood contained in 
the oxygenator. The figure in this column is therefore obtained in the fol- 
lowing manner: cubic centimeters of oxygen introduced per minute + cubic 
centimeters of blood in oxygenator. 

The total diffusion surface of 11 spiral turns of 234.5 inch easing was 
10,080 em.?, of 10 spirals of ?%» inch easing was 11,920 em.?, and of 6 spirals 
of 15g ineh easing was 12,380 em.? In spite of this huge area, the interference 
with oxygenation interposed by the cellulose resulted in a maximum efficiency 
of 0.049 ¢.c. of oxygen introduced into the blood per minute per cubie centi- 
meter content, which is too low for application of this method of oxygenation 
to perfusion systems. 

Observations of the blood passing through the casing as the drum re- 
volved suggested that perhaps the method could be used to mix small bubbles 
of oxygen with the blood. This would negate the advantages of being able to 
oxygenate the blood without using an open blood-oxygen interface, but since it 
was impossible to introduce enough oxygen into the blood through the cellulose, 
an open interface became necessary. Tiny bubbles of oxygen mixed con- 
tinually with the blood would create an exceedingly large interface and should 
facilitate oxygenation. Accordingly, an experiment was done to evaluate the 
procedure. Five windings of the ?%». inch casing were used. As the blood 
flowed through the casing, oxygen was injected directly into the blood tube 
on the afferent side of the apparatus. In an attempt to obtain complete ab- 
sorption of the oxygen, a large blood flow (550 ¢.c. per minute) was used. 
While the blood flowed at this rate, the drum was revolved at speeds varying 
from 17 to 56 r.p.m., but it was found that 30 r.p.m. yielded greatest oxygena- 
tion. Oxygen flow of 0.5 L. per minute resulted in oxygenation of the blood 
hy the third winding of the casing, but foaming resulted. ‘‘Complete oxy- 
genation’’ resulted in the introduction of 8 volumes per cent of oxygen into 
the blood, or 44 ¢.c. per minute. Enough less oxygen so that no foam was 
present at the outlet resulted in incomplete oxygenation. When complete 
oxygenation was effected 70 ¢.c. of blood was lost each 5 minutes in foam. 
The volume of the 3 windings of casing was 360 ¢.c. This yielded an efficiency 
of 0.122 ¢.c. oxygen introduced per minute per cubic centimeter content, which 
is not high enough to make this process applicable to animal perfusion. Ex- 
cessive foaming also contraindicates the use of it. 

An additional modification of the Kolff apparatus was constructed in 
which noneollapsible tubing was wound around a revolving drum. Blood 
was run through the spiral of tubing and oxygen introduced into it as pre- 
viously deseribed. It was observed that oxygenation occurred, but, as in the 
other modifications of this method, the volume of blood contained in the ap- 
paratus was impractically large. Foaming also occurred. This general ar- 
rangement has since been published by Jongbloed.** 


Slowly Revolving Cylinders.—In order to test the thesis that blood filmed 
upon a slowly revolving cylinder might not foam, a galvanized iron cylinder 
was mounted on rollers in a nearly horizontal position. Inside the iron 
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cylinder, one of 3 different designs of cylinder of slightly smaller size was 
placed. One cylinder was made of copper window screen, another of acetate 
plastic perforated with round holes, and the third also of plastic but with :) 
long rectangular openings. The outer cylinder was revolved at varying 
speeds by a belt from a variable-speed motor, and the inner cylinder, resting 
on the inner surface of the outer cylinder, rolled with it. A third cylinder 
(a piece of iron pipe) was laid inside the screen or plastic cylinder to weight 
it so that it would roll evenly and not ride up on the side of the outer eylinder. 
These cylinders were all suspended from the upper end of the apparatus by 
wires, with swivels to allow free turning (Fig. 2). The total film surface area 
in each of these arrangements was approximately 7,000 em.°* 


Slowly Revolving Cylinder Oxygenator 


Blood inlet ------ 
\ 
Seivels \ Metal cylinder 
Oxygen Screen 
inlet 50 © \ Vee (plastic) 


t 


collection 


Fig. 2. 


Blood was introduced at the upper end of the cylinders and filmed the 
inner surface of the external cylinder, the external surface of the smallest 
cylinder, and both surfaces of the intermediate one. 

The results of these studies are tabulated in Table III. Foaming is seen 
to be considerable in each of the 3 different arrangements. The data indicate 
that use of the combination with the rectangular openings in the plastic 
cylinder produced less foaming than the other 2, but the loss was still large. 
The smooth plastic surface was without holes, and it was observed that most 
of the foaming occurred where there were openings, especially at the edges of 
the openings. Oxygenation was good with this apparatus, and any one of 
the combinations was satisfactory from that point of view. The screen inner 
cylinder gave the best oxygenation because the mesh of the screen allowed 
continuous two-surface oxygenation of blood and more effective filming of 
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the inner surface than was accomplished with the plastic cylinders. More 
oxygen uptake was possible with less blood in the oxygenator. Varying the 
speed of revolution did not decrease the foam. Varying the angle from hori- 
zontal did not affect foaming, though it decreased the content. 

Employment of the outside cylinder alone provided such poor oxygena- 
tion that no formal determinations were made with this arrangement. 

An oxygen uptake of 0.39 ¢.c. per minute per cubic centimeter content 
may be in the range necessary for an oxygenator with practical applications 
for the perfusion of animals, but a concomitant loss of 3 or 4 ¢.c. of blood as 
foam each minute for each 250 ¢.c. oxygenated would amount to too great a 


loss during a perfusion. 


Vertical Revolving Cylinder Oxygenator 


Oxygen inlet -------- 


36 em. 


LO ro} 


Blood outlet 


Fig. 3. 


The Vertical Revolving Cylinder—Because Gibbon*® had reported good 
oxygenation without foaming, a cylinder of approximately the same surface 
area as the one he used was mounted vertically for the purpose of studying 
the characteristics of this type of oxygenator. 

A Plexiglass (methyl methaerylate) cylinder 40 em. long, 18 em. inside 
diameter, and 8 mm. wall thickness was mounted vertically with a metal track 
running on ball bearings (Fig. 3). The film area was approximately 2,200 em.’ 


- 
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TABLE III. COMPARISON OF COMBINATIONS OF SLOWLY REVOLVING CYLINDERS 
AT 12° TILT AND 16 R.P.M. 
FOAM 
( MEASURED 
AS LIQUID 0, INTRO- C.C. O, INTRO- 

FLOW BLOOD) DUCED DUCED PER TRANSIT 
(C.C, PER (C.C. PER CONTENT (C.C, PER PER CENT 0, | MINUTE PER TIME 
MINUTE) MINUTE) (C.C. ) MINUTE) SATURATION | C.C. CONTENT | (SECONDS) 

270* 4 47 18.4 83 0.392 10.0 

220t 8 65 20.8 97 0.321 175 

250t 3 70 23.8 97 0.340 21.5 


*Iron cylinder + screen cylinder + iron pipe. 
tIron cylinder + plastic cylinder with round holes + iron pipe. 
¢Iron cylinder + plastic cylinder with rectangular openings + iron pipe. 


A large portion of the dead space inside the cylinder was occupied by an inner 
closed cylinder. A stationary plastic cup encompassed the lower end of the 
revolving cylinder with a clearance of 14 em. 

Blood was laid on the inner surface of the revolving cylinder by a 2 mm. 
jet; 95 per cent oxygen and 5 per cent carbon dioxide mixture was delivered 
at the lower end of the cylinder at a rate of 5 L. per minute. The excess gas 
escaped between the cover and the top of the Plexiglass cylinder or between 
the edge of the cup and the cylinder. 

A series of experiments was performed for the purpose of determining 
the effect upon oxygenation of changes in the area of film surface and of 
the speed of rotation of the cylinder. Studies were also done on the effect of 
the area of film surface and of speed of rotation on the film volume. 

Determinations of the amount of blood in the film were made for the 
entire surface area, 75 per cent, 50 per cent, and 25 per cent of the total surface. 
The per cent of the total film content which each segment contained was then 


(e.c. film on segment ) 
(e.c. entire film) 


ealeulated : x 100. Caleulations were also made of the 


film thickness : (volume) = em. (thickness) and the time which any spe- 
em.” (area) 


e.e. in film 


cific increment of blood was exposed to oxygen ( —— = minutes of 
per min. 


exposure). The values listed are the averages of several determinations, which 
do not vary more than 2 ¢.c. These were all made at 250 r.p.m. The results 
are tabulated in Table IV. 

Oxygen content was determined before and after the blood had been filmed 
on the inner surface of the entire drum, on 75 per cent of the surface, on 50 
per cent, or on 25 per cent. For purposes of comparison, caleulations were 
then made of the number of cubie centimeters of oxygen introduced into the 
blood per minute and of the per cent of total oxygenation obtained with each 
segment, compared to the entire ecvlinder. The per cent oxygen saturation of 
the oxygenated blood is also tabulated. This was done at varying rates of 
blood flow. The cylinder was revolved at 250 r.p.m. in each instance, as recom- 
mended by Gibbon and Kraul.*? Each comparison is tabulated separately 
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TABLE IV. B Loop CONTENT OF THE VERTICAL REVOLVING CYLINDER AT 250 R.P.M. 


FILM EXPOSURE PER CENT MEAN FILM 
FILM AREA | CONTENT TIME OF TOTAL THICKNESS 
(CM.2) (C.C.) (SECONDS ) CONTENT (MM.) 
At 300 c.c. per minute flow: 
2,200 (whole cylinder) 53 10.8 100 0.241 
1,650 (75%) 45 9.0 85 0.273 
1,110 (50%) 34 6.6 64 0.309 
550 (25%) 27 5.4 50 0.491 
At 250 c.c. per minute flow: 
2,200 (whole cylinder ) 48 11.4 100 0.218 
1,100 (50%) 30 7.2 63 0.272 
At 200 c.c. per minute flow: 
2,200 (whole cylinder) 43 13.8 100 0.195 
58 0.227 


1,100 (50%) 25 8.0 


because in every single experiment the blood used was identical, but it varied 
between experiments. Thus, one experiment may not be compared directly with 
another as to oxygenation, but rather the percentages may be compared. The 


results are shown in Table V. 


TABLE V. OXYGENATION UPON SEGMENTS OF THE VERTICAL REVOLVING CYLINDER 


PER CENT C.C. 0, INTRODUCED PER CENT OF 
FiLM AREA SATURATION PER MINUTE OXYGENATION 
At 250 cc. per minute flow: 
whole cylinder 80 8.62 100 
75% 76 6.70 78 
50% 75 6.45 75 
25% 68 3.75 43 
At 300 c.c. per minute flow: 
whole cylinder 55 20.70 100 
75% 48 18.05 87 
50% 44 16.50 80 
25% 32 11.70 57 
whole cylinder 89 15.21 100 
50% 84 12.97 85 
whole cylinder 88 4.88 100 
50% 85 4.22 86 
At 200 c.c. per minute flow: 
whole cylinder 93 6.20 100 
50% 86 4.46 72 


With the rate of blood flow constant, the film content at different speeds 
of rotation was measured for 25 per cent and 50 per cent of the total surface. 
The rate of flow was 250 e.c. per minute. Content values are the average of 
several determinations. The results are shown in Table VI. 

The rate of rotation of the cylinder was varied while keeping the rate of 
blood flow constant on a given segment of cylinder. The oxygen content of the 
blood before and after oxygenation was determined and the amount of oxygen 
introduced into the blood per minute under the prevailing conditions was cal- 
culated. Because Gibbon and Kraul*? stated that 250 r.p.m. was the optimum 
speed to run the oxygenator, each value obtained in these experiments was 
compared with the value for 250 r.p.m. This was done for each speed of rotation 


= 
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TABLE VI. FILM VOLUME AT DIFFERENT SPEEDS OF ROTATION OF THE VERTICAL 
REVOLVING CYLINDER 


SPEED OF ROTATION FILM CONTENT THICKNESS 

FILM AREA (R.P.M.) (C.C.) (MM.) 

550 em.2 (25%) 250 27 0.491 
550 em.2 (25%) 100 25 0.454 
1,100 em.2 (50%) 250 30 0.271 
1,100 em.2 (50%) 100 31 0.281 
1,100 em.2 (50%) 250 30 0.271 
1,100 em.2 (50%) 100 31 0.281 
1,100 em.2 (50%) 150 33 0.300 
1,100 em.2 (50%) 100 29 0.262 


by calculating the percentage above or below the 250 r.p.m. value for each par- 
ticular oxygen uptake. The average of 13 determinations at 200 r.p.m. was 
2.0 per cent greater than the oxygenation at 250 r.p.m., of 8 determinations 
at 150 r.p.m. was 7.0 per cent below, and at 100 r.p.m. the values averaged 2.1 
per cent below the oxygenation at 250 r.p.m. 

Thus, the vertical revolving eylinder which was studied has the following 
characteristics: the film content decreases when segments of the cylinder are 
filmed, but the top portion of the film is thickest ; 61 per cent of the film content 
is present on the upper 50 per cent of the surface, which is what is being 
measured when the blood spout is lowered half way down the length of the 
cylinder and 50 per cent of the area is used. The amount of oxygen introduced 
into the blood also decreases when film is formed on a segment of the cylinder, 
but not in proportion to the decrease in area or to the decrease in film volume. 
Thus, 80 per cent of the total oxygen uptake oceurs on 50 per cent of the eylinder 
area which holds 61 per cent of the film. The efficiency of the cylinder as an 
oxygenator (cubie centimeters of oxygen introduced per minute per cubic 
centimeters of film) which may be calculated from the data averages 0.20 for 
the entire cylinder and 0.25 for the half cylinder. The individual values are 
tabulated in Table VII. Although much the same relationship of film volume 
to oxygenation obtains for other segments of cylinder than half the cylinder, 


TABLE VII. OXYGENATING EFFICIENCY OF THE VERTICAL REVOLVING CYLINDER 


C.C. 0. INTRO- 


FLOW C.C. O, DUCED PER 
(C.C. PER FILM AREA INTRODUCED FILM VOLUME MINUTE PER 
MINUTE) (CM.2) PER MINUTE (C.C.) C.C. FILM 

300 2,200 (100%) 20.70 53 0.39 
300 1,100 ( 50%) 16.50 34 0.47 
300 2,200 15.21 53 0.29 
300 1,100 12.97 34 0.34 
300 2,200 4.88 53 0.09 
300 1,100 4,22 34 0.12 
250 2,200 8.62 48 0.18 
250 1,100 6.45 30 0.22 
250 2,200 5.34 48 0.11 
250 1,100 4.37 30 0.15 
200 2,200 6.2 43 0.14 


200 1,100 4.6 25 0.18 
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it is felt that this is the most practical segment upon which to focus, for the 
drop in per cent oxygen saturation and total oxygen uptake is not large and 
the saving in blood film is appreciable. According to the data collected, by 
utilizing a cylinder of half the original length, an increase of 25 per cent in the 
cubie centimeters of oxygen introduced into the blood per minute per cubic 
centimeter of film is realized, but the per cent saturation achieved is slightly 


Oxygen inlet -----3 ----Blood inlet 


Vertical 
Revolving Funnel 
Oxygenator 


cp 


outlet 


Fig. 4. 


lower. By cutting the length of the cylinder in half, the efficiency as an oxy- 
genator is increased 25 per cent. Speed of rotation does not have a significant 
effect upon film content or oxygenation within the range investigated. The rate 
of blood flow does influence the film content, however, and must be considered 
when the content is determined. There is no foaming at any of the speeds used. 

The vertical revolving cylinder is an oxygenator of sufficient efficiency to 
Warrant trial as an instrument in the perfusion of animals. For this purpose 
a larger capacity than that obtained would be required. 
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The Vertical Revolving Funnel.—Observations of the vertical revolving 
cylinder indicated that a large portion of the trauma inflicted upon blood by 
this device occurred at the lower edge. At that point the blood flew from « 
moving surface to a stationary one, with a force equal to the centrifugal reaction 
involved, Centrifugal reaction is directly proportional to the radius as show) 
in the formula F = 477n? mr (F = centrifugal reaction or foree, n — fre- 
quency of rotation, m —mass, r — radius of the orbit). By decreasing the 
radius of the revolving orbit at the point where the blood leaves the moving 
surface, the trauma to the blood ean be diminished. Thus, a funnel-shaped 
revolving surface was set up and the characteristics in regard to film content 
and oxygenating capacity were investigated. 

Two stainless steel funnels of different slant were constructed. They were 
made to fit interchangeably on a vertical hollow shaft (Fig. 4). One was 38 
em. high and 29 em. diameter at the top, the other measured 62 by 19.5 em. 
The area of the 38 by 29 em. funnel was 1,816 em.,? while the area of the 62 
by 19.5 em. funnel was 1,800 em.2 The funnel was fastened on a 114 inch 
diameter shaft so that the funnel surface would meet the shaft at the bottom 
margin of 4 holes which were made in the shaft to allow blood to enter into the 
shaft. The remainder of the apparatus and procedure was essentially identical! 
to that of the cylinder experiments. 

The 38 by 29 em. funnel was revolved at speeds varying between 87 r.p.m. 
and 136 r.p.m. The latter was the fastest the funnel could be revolved and 
have the blood descend to the cup. The data were obtained for speeds 87 r.p.m., 
100 r.p.m., and 136 r.p.m. The 62 by 19.5 em. funnel was revolved between 
87 and 200 r.p.m., and data were collected for speeds 87 r.p.m., 150 r.p.m., and 
200 r.p.m. 

In a fashion similar to that employed for the vertical revolving cylinder, 
determinations were made of the film volume on various segments of funnel, the 
oxygenating capacity of segments of funnel, the effect of speed of rotation upon 
film volume, and the effect of speed of rotation upon oxygenation. These data 
are summarized in Table VIII. 


TABLE VIII. THE AVERAGE EFFICIENCY OF THE VERTICAL REVOLVING FUNNEL 
AS AN OXYGENATOR 


C.C. 0. INTRODUCED 


FUNNEL SPEED OF ROTATION OXYGEN UPTAKE PER MINUTE 
(CM.) (R.P.M. ) (C.C. PER MINUTE) PER.C.C. FILM 

62 x 19.5 87 4.81 0.13 

62 x 19.5 150 4.98 0.12 

62 x 19.5 200 4.75 0.11 

38 x 29 87 3.57 0.10 

38 x 29 100 2.92 0.08 

38 x 29 136 3.26 0.07 


The efficiency of the vertical revolving funnel as an oxygenator is lower 
than that of the eylinder. The oxygenation efficiency of half the funnel area 
is 50 per cent greater than that of an entire funnel of this type, but oxygenation 
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is still too low to be of practical application in an animal perfusion apparatus. 
However, foaming does not occur. It therefore is proper to consider the use 
of a funnel for the collection of blood from the lower margins of cylinders used 
for oxygenation. 

A summary of the characteristics of each of the types of oxygenator eval- 
uated in the present study is shown in Table IX. 


TABLE IX. CAPACITIES AND EFFICIENCIES OF THE OXYGENATORS INVESTIGATED 


C.C. 0, INTRODUCED 


C.C. 0, INTRODUCED | yo, | PER C.C. CONTENT 
PER PER MINUTE CONTENT PER MINUTE 
TYPE OF OXYGENATOR MIN. AV. | MAX. (G0. ) AV. | MAX. 
Kolff apparatus 150 5.87 9.73 200 0.030 0.049 
Kolff apparatus 550 44.0 360 0.12 
(O, injected into tube) 
Horizontal revolving cylinders 250 20.0 24.3 70 0.35 0.39 
Vertical revolving cylinder 250 11.5 20.7 48 0.20 0.39 
(40 x 18 em.) 
Half vertical revolving cylinder 250 9.3 16.5 29 0.25 0.47 
(20 x 18 em.) 
Short funnel (38 x 29 em.) 200 3.3 6.4 42 0.082 0.17 
Tall funnel (62 x 19.5 em.) 250 4.6 7.3 41 0.13 0.19 
Half tall funnel 250 3.8 4.9 26 0.15 0.19 
SUMMARY 


1. A valuable stimulus to the progress of intracardiac surgery would be 
an extracorporeal pump-oxygenator which could deviate the circulating blood 
around the heart and lungs. 

2. A pump-oxygenator which would allow opening of the cardiac chambers 
for sufficient time to perform careful surgical procedures should be capable of 
supplying adequate amounts of oxygenated blood to the entire body. 

3. An ideal oxygenator should introduce the largest possible volume of 
oxygen into the blood per minute per unit volume of blood contained in the 
oxygenator. In other words, transit time must be minimized. Foaming must 
be absent and hemolysis must be slight. 

4. The most efficient foam-free oxygenator reported in the literature intro- 
duced 0.23 ¢.c. of oxygen into the blood per cubic centimeter of blood in the film. 

5. In the present study the Kolff apparatus introduced 0.030 ¢.c. of oxygen 
into the blood per minute per cubic centimeter of content. Injection of oxygen 
directly into the blood raised the oxygenation to 0.12 ¢.c. per minute per cubic 
centimeter of content, but produced foaming. 

6. Horizontal revolving cylinders introduced 0.35 ¢.c. of oxygen into the 
blood per minute per cubic centimeter of content, but foaming occurred. 

7. A vertical revolving cylinder 40 em, tall and 18 em. in diameter (2,200 
em.’ film area) introduced 0.20 ¢.c. of oxygen into the blood per minute per 
cubie centimeter of content. No foaming occurred. 

8. A vertical revolving cylinder 20 em. tall and 18 em. in diameter (1,100 
em. film area) introduced 0.25 ¢.c. of oxygen into the blood per minute per 
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cubie centimeter of content. Thus, reducing the film area of the 40 by 18 em 
eylinder by 50 per cent without changing the diameter increased the efficienc) 
of the cylinder as an oxygenator 25 per cent. 

9. Rate of rotation of the vertical cylinder did not affect oxygenation o: 
film content at speeds of 100 to 250 r.p.m. 

10. A vertical revolving funnel 62 em. tall and 19.5 em. base diameter 
(1,800 em.? film area) introduced 0.13 ¢.c. of oxygen into the blood per minute 
per cubie centimeter of content, while a funnel 38 em. tall and 29 em. base 
diameter (1,816 em.? film area) introduced 0.08 ¢.c. of oxygen into the blood 
per minute per cubic centimeter content. 

11. These studies suggest that the best combination of methods observed 
consists in the use of a vertical revolving cylinder for oxygenation mounted 
as one piece over a revolving cone for atraumatie collection of blood from the 
oxygenating film. 
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PUMP-OXYGENATOR TO SUPPLANT THE HEART AND LUNGS 
FOR BRIEF PERIODS 


Il. A APPLICABLE TO Dogs 


(CLARENCE DENNIS, M.D., Po.D., Karu E. KAaruson, M.D., WALTER P. EpER, M.D., 
RussELL M. NELSon, M.D., FRANK D. Eppy, M.D., ANp DAvip SANDERSON, M.D., 
MINNEAPOLIS, MINN. 


(From the Department of Surgery, School of the Medical Sciences, University of Minnesota) 


ARLSON, Dennis, Westover, and Sanderson’ have carefully reviewed the 

literature relative to the limitations of progress in cardiae surgery at the 
present time. They have clearly indicated the need for some apparatus which 
can replace the function of the heart and lungs for periods of time sufficient to 
permit opening of the chambers of the heart. Only thus can a direct and posi- 
tive approach, with restoration of really normal function, be made to the prob- 
lems of patent interventricular septum, tetralogy of Fallot, and any but the 
simplest acquired valvular deficiencies, to mention only a few examples. Com- 
pletion of such an apparatus, moreover, will provide an invaluable tool for the 
study of certain physiologic problems. An example of such a problem is the 
study of the relationship of the heart rate to the rate and amplitude of the 
artificially produced peripheral pulse. 

Karlson and his associates have studied the attributes of those oxygenators 
already reported in the literature. The required characteristics in an oxygenat- 
ing apparatus to be used for the purpose in mind are: (1) it must oxygenate 
adequately; (2) it must contain a minimal volume of blood; (3) it must pro- 
duce a minimum of hemolysis; (4) it must not produce foaming or bubbles; and 
(5) it must be readily cleaned and sterilized. 

As they have indicated, the first apparatus to prove capable of supplanting 
the heart and lungs of laboratory animals was that of Gibbon.“ It was our 
opinion that the general principle employed by Gibbon offers the most promise 
of suecess, and major effort has therefore been concentrated in this direction. 

A second consideration in such apparatus is concerned with the circuit aside 
from the oxygenator proper. The primary concern here is in the method of 
pumping, collecting, returning, and controlling the flow of blood. Here certain 
characteristics of the apparatus also are worthy of careful consideration: (1) 
it must contain a minimal amount of blood; (2) it must produce a minimum of 
hemolysis; (3) it must not produce foaming or bubbles; (4) it must be readily 
cleaned and sterilized; and (5) it must be essentially automatically controlled 
and yet of the simplest possible construction. 

* A third consideration is the accessory apparatus required for evaluation and 
use. This apparatus includes: (1) sources of pyrogen-free distilled water in 
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the Patients’ Fund for Clinical Research, and gifts from Mr. George Durkee and Mr. Max Byer. 
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large volume; (2) satisfactory temperature-controlling mechanisms; and (3) 
apparatus for various chemical determinations. 
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_. Fig. 1.—Schema of oxygenator. A nest of stainless steel cylinders, each 21 cm. in 
height and ranging in diameter from 17 to 27.5 cm., is mounted above a steel cone for atrau- 
matic collection of blood. The whole composite revolves as a unit about the central steel 


shaft. a, Detail of blood jet distribution to the upper margins of the internal surfaces of the 
revolving cylinders. b, Detail of method of support of cylinders upon a framework of steel 
tubing, which also serves for delivery of oxygen by 4 jets to each film surface. c, Detail of 


level control apparatus. 
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In this paper we shall describe the current pump-oxygenator apparatus 
and outline our reasons for construction in the fashion we have chosen. Finally, 
we shall report the record of performance. 


THE OXYGENATING COMPONENT 


As Karlson and associates reported, a wettable cylinder was selected 21 em. 
in height, 18 em. in diameter, rotating on a vertical shaft at the rate of 100 
to 200 rpm. A modification was developed in order to increase the surface 
area available for oxygen and carbon dioxide exchange.’* Eight concentric 
evlinders each 21 em. in height and ranging from 17 em. to 27.5 em. in diameter 
are mounted vertically so that the lower edges of all the cylinders except the 
largest are approximately 1 em. above the inner surface of a cone (Fig. 1). This 
cone is 45 em. in height and is one piece with the outer cylinder. The inner 7 
eylinders are supported on a framework of stainless steel tubing, which serves 
also for the distribution of oxygen or oxygen-carbon dioxide mixture in such 
fashion that 4 jets of gas enter the nest at the bottom of each film surface. This 
framework is supported by the upper end of the 2 inch hollow stainless steel 
shaft which also supports the cone. Shaft, cone, cylinders, and supporting 
framework for the cylinders rotate as one unit. Blood flows from a small reser- 
voir through polyethylene tubes and is laid by poiyethylene jets on the upper 
portion of the inner surface of each cylinder. It flows down the inner surfaces 
of the revolving cylinders in a thin film and falls a few millimeters to the surface 
of the collecting cone. It passes then into the hollow slender shaft which dips 
4 or 5 em. beneath the blood level in the stationary collecting cup. 

The rate of rotation of this unit is 100 per minute, and the surface area is 
14,500 em.2. Hermetic sealing in a stationary copper sheath makes possible at- 
mospheric oxygen concentrations over 90 per cent. Calibration of the jets pre- 
vents rates of flow to any one cylinder greater than most efficient, and variations 
in total flow rate are handled by a siphon arrangement to vary the number of 
evlinders filmed. 

Oxygenation.—This apparatus has been carefully evaluated in 64 perfusions 
of dogs. If the oxygenating surface is not overloaded and if a fall in the pH 
of the blood is not permitted to occur,® the oxygenating capacity is over 160 c.e. 
of oxygen per minute into over 2,200 ¢.e. of blood per minute. The oxygenation 
is then usually carried to over 90 per cent saturation, provided the venous blood 
is not below 60 per cent saturated with oxygen. We have been disturbed by 
occasional experiments in which oxygenation has been inadequate without recog- 
nized cause. 

Volume of Blood.—The blood content in the film in this oxygenator as- 
sembly has been calculated by abrupt simultaneous disconnection of inflow and 
outflow during operation, collection of all blood that will drain out, and addition 
of a correction based on the relative hemoglobin concentrations in a measured 
volume of washing fluid. 

Determinations were made during 5 perfusions and the findings are pre- 
sented in Table I. 
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TABLE I. OXYGENATOR BLOOD CONTENT AND EFFICIENCY 


C.C. 0, PER C.C, BLOOD 
0, TAKEN BY BLOOD IN OXYGENATOR 
PERFUSIONS VOLUME CONTENT (C.C. PER MINUTE) PER MINUTE 
1 300 81.7 0.27 
2 270 73.4 0.27 
3 210 59.6 0.28 
4 200 53.2 0.27 
5) 265 78.3 0.30 


The efficiency of this apparatus, 0.27 ¢.c. oxygen per minute per cubic centi- 
meter of blood in the oxygenator, is higher than any in the literature for which 
data are available to make the calculations. 


Hemolysis.—The nature of the substances with which blood comes in con- 
tact is very important in terms of damage to blood constituents (Walter). 
Ideally, such inert substances as polyethylene or substituted polyethylene com- 
pounds are apparently best. In the employment of such an oxygenating mech- 
anism as we have used it is essential, however, that we use a substance which 
is wettable. Stainless steel has been employed because of this character and 
because of availability.* Careful emission spectroscopic analysist of blood 
after such exposure to stainless steel reveals no accumulation of any of the com- 
ponents in the blood at all. 

Most of our studies on hemolysis have been made with the whole circuit. 
including pumps, and of this more will be said later. The minimization of trauma 
to the blood seems best attainable by the use of the cone for collection. This was 
considered preferable to the large cup of Gibbon™ which permits blood to fly 
from the margin of the cylinder to a stationary surface, losing velocity very 
abruptly. Hemolysis for the entire pump-oxygenator is less than that reported 
by other authors, and the increment in plasma hemoglobin concentration is 
usually less than 110 mg. per cent at the end of one-half hour of perfusion. 


Foaming and Bubbles.—The accumulation of blood at the bottom of the 
cone was formerly found to be associated with foaming and rather frequently 
with air embolization, especially to the coronary arteries. Study of a model of 
this assembly aside from the main machine suggested that slight changes in gas 
pressure in the chamber might play a part. The use of a slender tube to deliver 
blood some distance below the surface of the collecting cup provides enough re- 
sistanee to prevent bubble formation from this source. Perfusions ordinarily 
are accompanied by no foam at all on the surface of the collecting cup or in the 
blood. 

The employment of bubble traps has been abandoned. Care in primary 
filling of the machine is essential, and the accidental aspiration of any air by 
the venous pumps, after there is blood in the circuit, results in foaming we have 
been unable to eliminate by any means. 


*The stainless steel employed is Ryerson ‘18-8.’ The composition is iron 70.85 per cent, 
chromium 18 per cent, nickel 8 per cent, manganese 2 per cent, silicon 1 per cent, cobalt 0.15 
to 0.08 per cent, and phosphorus 0.04 per cent. 

tWe are indebted to Dr. R. W. Perlich of Minnesota Mining and Manufacturing Company 
for his generosity in running these analyses for us. We also would like to express appreciation 
to Professor Bryce Crawford of the Department of Chemistry at the University of Minnesota. 
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Cleaning and Sterilization.—The cleaning of this oxygenator is accomplished 
easily, as the sealed methyl methacrylate top and steel cylinders may be lifted 
out, taken apart, and individually scrubbed with distilled water. The cleaning 
of the hollow shaft is still to be simplified. 

Sterilization has been accomplished by circulating 10 per cent formaldehyde 
solution through the entire machine. The formaldehyde gas which collects in 
the sealed oxygenator chamber has proved adequate for sterilization here too. 


Pump Oxygenator Schema of Pump 
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} Fig. 2.—Schema of pump. Fluid within a rubber bellows is compressed through use of 
a crankshaft in order to activate a rubber diaphragm which in turn alters the volume of a 
methacrylate chamber. Note that the compression or emptying phase of each stroke is accom- 
plished by positive drive, but that filling is accomplished by carefully balanced spring tension. 


THE PUMP AND CIRCUIT 


The design of the venous pumps has been progressively simplified to the 
present modification of the Dale-Schuster pattern. As indicated in Fig. 2, a 
diaphragm of high quality rubber sheeting* 10/1000 inch thick is employed as 


*Generously supplied by Mr. H. W. Rutzen of Chicago, Il. 
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the moving wall of a ‘‘ventricle.’’ The remainder of the ventricle is constructed 
of highly polished methyl methacrylate, with an entrance and escape tube of 
the same material. The motion of the diaphragm is imparted through a fluid 
medium by means of a rubber bellows. Compression of the bellows is provided 
by a motor-driven crankshaft. Filling is accomplished by spring traction on the 
lower margin of the bellows rather than by positive connection to the crank shaft. 

Directional flow is provided by ball valves as indicated in Fig. 3. The 
balls are pressure-molded of polyethylene; all other parts are of methacrylate. 
All surfaces are highly polished. The diameter of the lumen of the blood chan- 
nel is 0.75 em. and of the balls is 1.2 em. Chattering of the ball is avoided by 
the use of a drilled channel 1.3 em. in diameter in which it moves at an angle 
of about 25 degrees from the axis of flow. 


Pump Oxygenator 
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Polyethylene 
Rubber washer sphere Walter ~ Murphy Junction 


Wi 


0.75 cm. 
Polyvinyl! 
WA chloride 
Methyl! 
methacrylate 
/ com. 


Fig. 3.—Schema of valve and Walter-Murphy junction. The polyethylene ball moves in a 
channel at 25° from the axis of blood flow in order to eliminate chattering. 


The tubing in the cireuit is mostly of polyvinyl chloride. Joints of tubing 
to methacrylate are made smooth by the technique of Walter and Murphy*’ 
(Fig. 3). 

Adoption of a 60 ¢.c. reservoir in the distribution system above the oxy- 
genator has prevented foaming due to slight irregularities in flow from the 
venous pump. This freedom from bubbles has been increased by use of 3 pumps 
mounted in parallel. 


Y, 
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Collection of blood at the bottom of the oxygenator has already been dis- 
cussed. The arterial pumps are identical in principle to the venous pumps, but 
are a pair in parallel, so as to give a good pulse to the blood returning to the 
animal. 

Avoidance of aspiration of air by evacuation of the oxygenator collecting 
cup, on the one hand, and of overflowing of the cup, on the other, requires care- 
ful adjustment and control of the arterial flow rate to the venous return from the 
animal. This has been accomplished by 3 mechanisms: 


1. The ‘‘diastolic’’ or filling phase of the arterial pump is activated by 
carefully balanced springs, without positive connection to the arterial pump 
crankshaft. The degree of filling is thus very nicely sensitive to changes in the 
blood level in the collecting cup. Increase in flow of as much as 90 per cent 
into the collecting cup can be thus compensated without change in pulse rate. 

2. Interposed between the collecting cup and each of the arterial pumps is 
a device to shut off flow to the pump if the level in the cup should fall below a 
predetermined level. This device consists of a flat, level methacrylate plate 
which has two 1 em. holes near the center. To one of these a tube is connected 
from the collecting cup. From the other a tube leads to the arterial pump (Fig. 
1). Over the surface is stretched a sheet of thin rubber.* High levels in the 
collecting cup raise the rubber sheet and allow free flow to the pump. Low 
levels are insufficient to raise the rubber, and it falls on the plate to form a 
tight seal which prevents further flow to the pump. Such a mechanism is only 
feasible in a pump with intermittent action. 

3. The third governing device for the arterial pump is not automatic. 
Both arterial and venous pumps are driven by a common, variable-speed motor, 
but the ratio of rates of rotation of the 2 crankshafts is adjustable if necessary 
by use of a variable pitch pulley. 

Blood runs directly back to the arterial system of the dog, without filters or 
bubble traps. 

Volume Content of Blood.—This apparatus suffers from the need for con- 
siderable quantities of blood to fill the tubing and the various reservoirs. The 
volume required is 500 ¢.c., aside from the 200 to 300 ¢.. in the oxygenator 
proper. It has seemed, however, that the retention of easy adaptability during 
the stages of preliminary study was more important than exhaustive efforts to 
cut the volume more. 


TABLE II. HEMOLYSIS WITH DEBAKEY TYPE OF PUMP AGAINST PRESSURE OF 100 CM. 
or WATER, 100 R.P.M. 


MICROGRAMS 
DIAMETER OF VOLUME PLASMA HEMOGLOBIN HEMOGLOBIN 
ROLLERS FLOW IN CIRCULATING (MG. %) PER C.C. 
(INCHES) |C.C. PER MINUTE C.c. START | AT 45 MINUTES PUMPED 
1 7/32 199 200 2 18 4.02 
1 8/32 551 400 Eg 44 4.36 
1 9/32 580 350 44 127 IL33 


1 10/32 582 400 18 62 6.73 


*Generously supplied by Mr. H. W. Rutzen of Chicago, III. 


| 
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TABLE IIT. HEMOLYSIS WITH TRIPLE BELLOWS VENOUS PUMP AGAINST 
PRESSURE OF 100 CM. OF WATER, 24 R.P.M. 


MICROGRAMS 
PRESSURE ON PLASMA 
AFFERENT FLOW IN VOLUME PLASMA HEMOGLO- HEMOGLOBIN 
SIDE OF DURATION C.C. PER CIRCULATING BIN (MG. %) PER C.C. 
PUMP ( MINUTES ) MINUTE c.C. START | END PUMPED 
0 40 1500 500 8 52 3.65 
-100 45 953 500 47 73 3.03 


Hemolysis.—The most obvious possible change in blood constituents is hemol- 
ysis. The effort to avoid this catastrophe has led to careful revision of valves 
to the present pattern, the streamlining of connections, the avoidance of abrupt 
or wide temperature changes, and the avoidance of physical trauma. 

Gibbon employs the DeBakey type of pump throughout. We have ecare- 
fully evaluated a precisely machined pump on the pattern employed by him, and 
subjected it to careful tests to quantitate the tendency to hemolyze. Representa- 
tive comparisons of this pump with the venous pumps of our apparatus and 
with the pump-oxygenator as a whole are presented in Tables II, III, and IV. 


TABLE IV. HEMOLYSIS ON RECIRCULATION THROUGH ENTIRE PUMP-OXYGENATOR 
Not ATTACHED TO AN ANIMAL 


MICROGRAMS 
VOLUME PLASMA HEMOGLOBIN PLASMA 
DURATION FLOW IN C.C. CIRCULATING (MG. %) HEMOGLOBIN PER 
(MINUTES) PER MINUTE START | END C.C. CIRCULATED 
40 2,500 1,600 6 25 3.04 


It is apparent that the amount of free hemoglobin to appear in each cubic 
centimeter of the plasma, as whole blood is handled each time by the apparatus 
in question, is rather consistently less with the Dale-Schuster type of pump. 
This has led us to adopt it for our apparatus. Indeed, circulation through the 
pump-oxygenator apparatus as a whole seems fairly consistently to have re- 
leased less free hemoglobin than the DeBakey pump alone. The decision to use 
our modification of the Dale-Schuster pump has been supported by the simplicity 
of the levelling device which can then be used and by the work of Hooker’ and 
of Gessel,'® which suggests that better physiologic function occurs in perfusions 
if a definite pulse wave is maintained. 

Foaming and Bubbles——The elimination of bubble formation has proved 
much simpler than the removal of bubbles after they have been allowed to form. 
Such mechanisms as the Dow Corning antifoam which Clark and his associates* 
used to coat glass beads for foam removal do not in our hands remove bubbles 
sufficiently to permit safe intra-arterial return of blood to the animal. 

The self-leveling mechanisms previously indicated have eliminated aspira- 
tion of air by the arterial pumps. The smallest of leaks in the tubing on the 
afferent sides of any of the pumps is not permissible because of air aspiration. 
It was found that reduction of the pressure to which blood is subjected to a 
point less than 200 mm. of mercury below atmospheric level is‘associated with 
liberation of many minute bubbles, which do not redissolve. This has proved 
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a prime reason for the carefully balanced spring filling of each of the pumps. 
In addition, this pressure effect was observed, in accordance with Bernouli’s 
principle, in segments of the apparatus in which high blood velocities were per- 
mitted; this proved additional reason for careful streamlining of parts and care- 
ful seating of all valves. 

Cleaning and Sterilization.—Ready cleaning is a serious problem. The ap- 
paratus has been built wherever possible of transparent materials, polyvinyl 
chloride for tubing and highly polished methacrylate for solid parts, in order 
that any debris will be visible as we wash with distilled water. The Y tubes 
and junctions are constructed so as to have smooth inner surfaces, without sharp 
angles or crevices, a measure intended both to minimize collection of detritus 
and to simplify cleaning. Junctions have been made preferentially after the 
rather elegant method of Murphy and Walter. 

The use of heat for purposes of sterilization would probably be most free 
from failure and from dangerous side effects of chemical reagents. The nature 
of the plastics available to us up to the present time has prevented this, as has 
also the cumbersome design of our machine. Ethylene oxide was considered”! but 
was abandoned in fear of acute toxie effects on personnel and in fear of explosion. 
Formaldehyde apparently is entirely satisfactory for this purpose.'? 

Controls.—A period of trial with vacuum tube controls convineed us of the 
desirability of avoidance of any apparatus more complicated than essential. The 
system of essentially mechanical controls has therefore been evolved. In the 
course of perfusions the speed of the whole pumping system is adjusted, by 
variation of the rate of the main motor, to a rate at which the vena cava is just 
loosely filled with blood. Ordinarily no further adjustments of any kind prove 
necessary, the flow of the jets and the volume per minute pumped by the arterial 
pumps being essentially automatic. 


ACCESSORY APPARATUS 
Pyrogen-Free Distilled Water in Volume.—The most important accessory 
apparatus to a successful perfusion has proved to be a large supply of pyrogen- 
free sterile distilled water. We have accomplished this by use of a large (3 kw.) 
electric still with a 20 gallon tank. The tank is equipped with insulation, heat- 
ers, and a thermostat to keep the freshly distilled water indefinitely at 75° C. 
Repeated tests have indicated that this is sterile and pyrogen-free. With the 
elimination of glass from our cireuit, there remain no substances injured by use 
of this hot water to irrigate 10 to 15 times after formaldehyde sterilization. 
Temperature Control.—We have no firm basis to believe it essential to keep 
the blood at a constant temperature equal to the temperature of the body of the 
dog, but we were much impressed by data provided by Walter’® indicating that 
abrupt temperature changes in blood are followed by much hemolysis. The use 
of a cooler temperature for both the dog and the apparatus was considered as a 
means of cutting down on the amount of hemolysis and of lowering the metabolic 
requirements of the dog, as Bigelow? has shown. It was observed, however, 
that the facility of oxygenation of the blood also dropped under these cireum- 
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Our problem was temporarily settled by encasement of the entire apparatus 
in a shell of plywood and methacrylate, with temperature controlled by cireula- 
tor, heaters, and a thermostat to within one-fourth degree of what was desired. 

Analytical Equipment.—Certain other apparatus has been difficult of as- 
sembly, such as a Wood oximeter,?* pH meter, photofluorometer, Van Slyke ap- 
paratus, and so on. For reasons that will be outlined in a subsequent publica- 
tion (Eder) the determinations usually employed with each perfusion are: 


DETERMINATION FREQUENCY OF DETERMINATION 
pH arterial 5 min. 
pH venous 5 min. 
Carbon dioxide content 10 min. 
Carbon dioxide combining power 10 min. 
Arterial hemoglobin oxygen saturation 5 min. 
Venous hemoglobin oxygen saturation 5 min. 
Lactic acid 5 min. 
Pyruvie acid 5 min. 
Hemoglobin 2 min. 
Cross match once 
White blood count 15 min. 
Platelet counts 15 min. 
Clotting times twice 
Heparin protamine titration once 
Hematocrit 5 min. 
Sedimentation rate twice 
Serum protein level 15 min. 
Blood sugar levels 10 min, 


PERFUSIONS 


In perfusions, we collect from 2 donor dogs about 1,300 ¢.c. of blood by the 
blood bank acid citrate dextrose method (2.45 per cent dextrose, 1.37 per cent 
sodium citrate, 0.5 per cent citric acid) and from another 2 dogs an additional 
1,300 ¢.c. with usually 25 mg. heparin (Connaught) in each liter of blood. 
Sterile precautions are employed. The pump-oxygenator is flushed and filled 
with 0.9 per cent sodium chloride and the temperature is adjusted. The dog is 
anesthetized with pentothal or pentobarbital, given slowly and as needed by vein, 
and is laid on the table with the hind quarters supine and the thorax and front 
quarters left side down. After preparation, draping, and other aseptic precau- 
tions, the chest is opened through the fourth intercostal space on the right side. 
The respiration is supported by a respirator’? by means of an intratracheal tube. 

Both femoral arteries and one carotid artery are exposed and dissected 
free. Heparin, 30 mg., is now given intravenously, and dissection of the right 
atrium completed. 

Polyethylene cannulas are placed in both femoral arteries, directed centrally, 
and in the earotid, directed centrally also. The carotid cannula is used for 
reading blood pressures, employing a mercury manometer. The femoral can- 
nulas serve as a means of introduction of blood into the aorta from the machine. 


In some perfusions a rubber cannula with multiple perforations is placed 
in the right atrium for the purpose of removal of blood from the venous side. 
In others a curved stainless steel cannula is inserted after the method of Gibbon 
through the atrium and into the inferior vena cava, where it is tied, and an- 
other is inserted through the azygos vein and into the superior cava, where it 
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also is tied in order to gather all of the returning venous blood. In a few the 
cannulas were placed through the jugwar vein and femoral vein, but we were 
not satisfied with the adequacy of the method. 

Use of a multiple-hole soft rubber cannula in the atrium is adequate to 
remove all the returning venous blood, as demonstrated by incision into a dry 
right ventricle. Such a demonstration is as good evidence of complete support 
of the cireulation by the artificial heart-lung as is proximal clamping of the 
venae cavae, which Stokes and Gibbon'® stressed so strongly. 

During the placement of cannulas an associate runs blood into the machine, 
disearding the first 300 ¢.c. of blood to come through in order to eliminate most 
of the sodium chloride solution. Connections are made quickly, and the per- 
fusion is in progress. At the end of the perfusion, the venous flow is shut off 
first so that the dog receives about 300 ¢.c. of blood as an arterial transfusion 
from the machine. Cannulas are quickly removed, leaving only an intravenous 
infusion channel and the arterial pressure tube. Appropriate amounts of pro- 
tamine are added intravenously (Nelson and Sanderson'®) and we have usually 
found the clotting time in the normal range within 20 minutes. The chest is 
quickly closed, leaving a catheter in the pleural space; this is connected to a 
pump to provide a constant pressure 15 em. of water below atmospheric. 

At the present time we have perfused 64 dogs and have had 9 survivors. 
Many of those dogs which failed to survive were used without sterile precautions 
without the intention of survival for the purpose of making studies on various 
aspects of the perfusion procedure. Too many dogs, however, were perfused 
with the intention of permanent survival and with failure to accomplish that 
end. Some of these deaths have been due to our failure to evaluate and cor- 
rect the heparin effect. Some have been due to air embolus prior to the pre- 
cautions just indicated, and others have been due to factors which we do not 
understand at the present time. One of these is a late severe hemorrhagic 
tendeney which is at present under study. Another is death at the’end of 
about 24 hours with no evidence of pathologic change upon careful post- 
mortem examination. This observation stimulated us to embark upon the 
metabolic phases of the study, which will be reported later... Other dogs have 
died as a result of technical errors during or after the perfusion. Careful 
sterilization is of paramount importance." 

Maximal performances, however, should be mentioned. Nine dogs have 
apparently recovered. Two of these recovering dogs were subjected during 
perfusion to opening of the right ventricle, followed after a period by resuture. 
The second ventricular opening was widely ‘made into an almost dry ventricle 
during a perfusion over 30 minutes (see protocol). The sizes of the dogs used 
have usually ranged from 40 to 65 pounds. The duration of the perfusion has 
varied from a few minutes to over an hour. We have found that not only is 
the equilibrium point shifted closer to 100 per cent saturation of hemoglobin by 
oxygen if the pH is prevented from dropping but that the rate of oxygenation 
is increased by such a shift.* 

During perfusion there is usually an initial blood pressure drop to 60 or 
SO mm, of mereury mean pressure. This is followed by gradual return to a 
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near normal level. At the end of the perfusion there may be a transitory drop 
associated with the necessary manipulation of removing cannulas from the 
right auricle and closing the chest. Respiratory efforts during satisfactory per- 
fusion are ordinarily absent or minimal. The lungs become extremely pale, 
and the blush which ordinarily occurs with each pulse beat disappears. Weak 
but regular contractions of the heart persist, and the size of the heart decreases, 
but strong contractions return as soon as the machine is disconnected. 


Pump Oxygenator 
Abstract from blood pressure curve Dog 42 
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Fig. 4.—Abstract of blood pressure curve of Dog 42, Nov. 3, 1949. During perfusion. 
a 5 cm. incision into the right ventricle was made. The ventricle was dry enough so that 
only . —_ c.c. of blood escaped in 5 minutes. Closure by through-and-through silk proved 
competent. 


As an indication of the adequacy of maintenance of the circulation, one 
experiment was complicated by development of ventricular fibrillation, which 
persisted the last 24 minutes of the perfusion. The lid reflex remained until 
perfusion was discontinued, and the blood pressure remained near normal levels. 
Attempts to terminate the fibrillation failed. 


A fairly satisfactory perfusion is detailed in the following protocol. 
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PROTOCOL 


This perfusion was done on Dog 42, a 44 pound mongrel, on Nov. 3, 1949. 
Purpose.—Perfusion for 30 minutes and attempt to open heart 
Conditions.— 
Arterial shaft 50 r.p.m. (pulse 100) 
Venous shaft 24 r.p.m. 
O, flow: 15 1. per min. 
CO, flow: 0 
Anesthesia: pentobarbital sodium 
Heparin: 30 mg. intravenously 
30 mg. per liter machine blood 
Temperature: Arterial from machine 36.5° C. 
Venous to machine 36.0° C. 
Machine 38.0° C. 
Method: Cannulization of both femoral arteries for return of blood 
Cannulization of right carotid artery for blood pressure observation 
Cannulization of right atrium to withdraw blood 
Apparatus clean but not sterile 
Most of the progress notes during perfusion are indicated in Fig. 4. The incision was 
4 to 5 em. long in the right ventricle, and very little blood was present inside. Closure was 
accomplished with through-and-through silk sutures. 
Blood Data.— 
1. Crossmatch: compatible 
2. Clotting times: 


Donor 1 - 2 min. 
Pre-perfusion - 5 min. 
30 min. postperfusion - 7 min, 
2% hr. postperfusion - 3 min. 


. Heparin protamine titration; blood drawn at beginning of perfusion 


PROTAMINE 
TUBE MICROGRAMS BLOOD C.C. CLOTTING TIME 
1 0 2 oe) 
2 20 2 ora) 
3 30 2 13 min. 
4 40 2 13 
5 50 2 8 
6 60 2 13 
4. Prothrombin times: not done 
5. Hematocrits: 
Pre-perfusion - 48 
15 min, perfusion - 41 
30 min. perfusion - 39 
30 min, postperfusion - 49 
2% hr. postperfusion - 41 
6. Plasma hemoglobin: less than 100 mg. per cent by pyridine method of Flink and 
Watson 
7. Hemoglobin: 
A, = 11.9 em. per cent - 5 min. 
A, = 11.9 em. per cent - 15 min. 
A; = 11.0 em. per cent - 30 min. 
PLASMA co, P CO, 0. 
PH HCO, CONTENT 0,PERCENT MM. C.C. PER 
A IN mM./L. INMM./L. SAT. HGB. HG MINUTE 
preperfusion 7.41 26.8 30 50 
5 min. 7.49 7.44 21.9 13.4 76.6 21 81 
15 min. 7.55 7.51 18.5 13.2 83 19 63 
25 min. 7.58 7.51 17.7 11.7 83.9 15 73 
2% hr. postperfusion 7.36 22.0 47 


The dog recovered apparently uneventfully, regained appetite, and seemed to be well 
at the end of a week. Two weeks after perfusion he was found dead in his cage. Autopsy 
showed an empyema pocket filling the right chest and pericardium. The suture line in the 
myocardium appeared well healed in spite of the infection in the chest. 
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Certain observations have been made in enough perfusions to establish the 
trends in certain other variables. Prothrombin time determinations in 11 per- 
fusions show a mean of 7.91 seconds for the pre-perfusion dog, 10.0 seconds for 
the reservior, and 7.5 seconds 30 minutes after conclusion of perfusion. 

Hematocrit determinations indicated early that it is essential to flush all 
saline solution from the machine with adequate amounts of blood. When this 
precaution has been taken, the hematocrit remains within 3 points of the origi- 
nal normal level, usually tending to rise slightly. 

Platelet counts were done serially in 4 perfusions, employing both the direct 
smear and counting chamber methods. In these 4 perfusions counts dropped, 
on the average, from an initial 169,000 to a final 53,000. 

Hemoglobin determinations were done serially in 33 perfusions. The values 
are shown in Table V. 


TABLE V. HEMOGLOBIN LEVELS IN 33 PERFUSION EXPERIMENTS 


Minutes after start 0 2 5 10 15 20 25 30 
Hemoglobin (Gm. per cent) 15.3 12.6 12.0 12.1 11.9 11.7 12.2 11.7 


Sedimentation rates have been serially followed in 4 perfusions. These 
are presented in Table VI. The reading at 2 hours is presented as well as that 
at 1 hour because of the slowness of sedimentation. 


TABLE VI. SEDIMENTATION RATES DURING PERFUSIONS (WINTROBE) 


\SEDIMEN- 

TATION TIME AFTER END 
TIME TIME AFTER START OF PERFUSION OF PERFUSION 

DATE (HOURS) |RESERVOIR| 0 MIN. | 5 MIN. | 15 MIN. | 25 MIN. | 20 MIN. | 30 MIN. 
12/27/49 1 - 13 0 0) 0 0 0) 
2 = 25 0 0 0) 0 0 
12/28/49 1 4 0 2.5 0) 
2 - 6 - 0 - 6 0) 
12/29/49 1 - 1 0 0 ( - ~ 
2 - 2 1 1 1 - - 
1/17/50 1 1 8 1.5 1.5 1.5 - - 
2 1.5 11 2.5 2.5 2.5 ~ - 


As both Bjérk*® and also Stokes and Gibbon'® have reported, there is a drop 
in leucoeyte count which is steep at first and slower as time passes. The reason 
is unknown. Results in 12 perfusions are shown in Fig. 5. 

Hemolysis is not marked during perfusions. The minimums we have been 
able to achieve seem to us to compare favorably with those reported by Bjérk 


and by Stokes and Gibbon. (See Fig. 6.) One perfusion is characterized by 


hemolysis considerably higher than any of the others; in this case, ventricular 
fibrillation developed, and vigorous efforts were made to bring reversion to 
normal rhythm, including massage and electrical stimulation. It is possible 
these procedures played a role in furthering hemolysis. 

Stokes and Gibbon have placed emphasis upon filtration of the blood before 
returning it to the arterial system of the dog. A rather careful evaluation of 
filters of varying aperture size of stainless steel and of linen left us with the 
conviction that, in our apparatus, the use of filters was not only useless but 
contributed to the formation of fibrin bodies which are prone to embolize. Most 
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Number 5 


of our perfusions, and nearly all those followed by survival, were performed 
without filters in the cireuit. 
COMMENT 

We wish to make clear that the apparatus which is here reported is not 
considered to be ideal or final, but represents one step in the progress toward 
a more satisfactory solution to this problem. Critical serutiny of the data 
presented in the sample protocol indicates that the volume of oxygen introduced 
into each 100 ¢.c. of blood is less than desired. We have reason to relate this 
fact to certain sweeping metabolic changes which we shall report in another 


Changes in Leucocyte Count 
during Perfusion of || Dogs 


Leucocytes 
VA 
| 


3000 
2000 
| 4 
1000 


(@) 5 10 15 20 25 30 
Minutes after start of perfusion 


Fig. 5.—Changes in leucocyte count during perfusion in 11 dogs. 


publication in the immediate future, one aspect of which is an uncompensated 
metabolic acidosis." Because of this observation, rather extensive re-evaluation 
of the factors involved in adequate oxygenation has been under study and 
is dictating further radical changes in design of both oxygenator and pumps. 

Changes in blood constituents have been of such a drastic nature as to 
foeus attention on them as likely causes for failure of survival. The change 
first coming to mind, hemolysis of red cells, has been minimized by design of 
the apparatus, but changes of other elements in many cases are much more 
pronounced. In many experiments loss of one-half the plasma protein in 30 
minutes was observed to occur. Detailed data on the mechanism of this change 
are not presented at this time. 
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CONCLUSIONS 


1. Further progress in clinical cardiac surgery and in physiologic studies 
on cardiae function will be greatly enhanced by the development of a machine 
which will supplant the heart and lungs for periods of study or operation. 

2. A combined pump-oxygenator is described, incorporating the oxygenation 
principle of Gibbon and the pump principle of Dale and Schuster. It appears 
to have some possible advantages over other methods which have been reported. 


Changes in Plasma Hemoglobin Concentration 
during Perfusion of 12 Dogs 
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Fig. 6.—Changes in plasma hemoglobin concentration during perfusion of 12 dogs. The mean 
increase in level is less than 110 mg. per 100 c.c. 


3. It has been possible with this apparatus to supplant for one-half hour 
periods the function of the heart and lungs in the dog. These experiments have 
involved oxygenating and pumping volumes of blood comparable to the cardiac 
output of a 12-year-old child. 

4. During perfusions, it has been possible to open the right ventricle of 
the heart, to leave it open for several minutes, to close it, and to have the dog 
survive. 

5. We are unable to predict which dogs will survive or to explain the 
mechanism of death of about one-half of them. We suspect that the areas which 
demand further study are metabolic and are related to traumatic effects upon 
the cellular elements of the blood. 
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PATENT DUCTUS ARTERIOSUS: RECURRENCE FOLLOWING 
LIGATION 


B. Davis, Jr., M.D., Eaperr H. Fett, M.D., Aanp BENJAMIN J. GasuL, M.D. 
CuHicaGo, ILL. 


(From the Department of Surgery, University of Illinois College of Medicine, Presbyterian 
Hospital, and Cook County Hospital) 


N THE years that have elapsed since Gross and Hubbard® reported the first 

successful ligation of a patent ductus arteriosus, there has been considerable 
interest among surgeons as to the procedure of choice in the closure of the 
ductus. Three methods have been recommended: simple ligation, multiple 
suture ligation, and actual division and suture. 

In 1940, the year following the publication by Gross and Hubbard, Touroff 
and Vessel'® reported the first complete division of a patent ductus arteriosus. 
This operative procedure was necessary because of severe hemorrhage at the 
time of ligation of the ductus. 

Because of the high incidence of recanalization following ligation, Gross‘ 
turned to the technique that he has advocated in a large series of patients, 
namely, complete division of the ductus between clamps and suturing of the 
divided ends. This type of surgical treatment has gained support from 
numerous surgeons interested in this problem. According to Potts and associ- 
ates,’* the only obstacle to universal acceptance of division and suture of a 
ductus is the well-founded danger of uncontrollable hemorrhage due to slip- 
ping clamps. He has recently devised an ingenious ductus forceps with fine 
teeth in apposing jaws which reduces the danger of hemorrhage due to a slip- 
ping clamp.* Freeman, Leeds, and Gardner* have recommended the use of an 
aortic clamp, a modification of the Potts-Smith clamp, in division of a patent 
ductus in older patients in whom the ductus is friable and in those in whom 
there may be an inflammatory endarteritis. An incision in the pericardial 
sae for temporary retraction or compression of the pulmonary artery has been 
suggested as a means of controlling profuse bleeding from the pulmonary side 
of the ductus at a time when the ductus is accidentally injured in dissection 
or torn due to tissue friability.’° 

In 1946, Blalock! reported his technique of closure of a patent ductus ar- 
teriosus founded upon the principle of multiple suture ligatures without di- 
vision of the vessel. It is his opinion that an unnecessary risk is taken in 
treating the ductus by the division and suture closure method and that a sat- 
isfactory closure can be accomplished without incidence of severe hemorrhage 
if the suture ligation procedure is followed. 

Gilehrist® of Edinburgh reported in a 4-vear-old boy the ligation of a 
patent ductus about 2 em. long and 1 em. wide with a double strand of heavy 
eatgut. Two months later there was return of the continuous murmur. A sece- 
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ond ligation was attempted. The ductus which had recanalized was success- 
fully isolated but a tear on the aortic side of the ductus resulted in a severe 
hemorrhage which was controlled by clamps which were left in place. The 
postoperative course was grave. The child died from uncontrolled bleeding 
the day after the clamps were removed. It is of interest to note that there 
was a 13-year-old boy with a large ductus 1 em. long and | em. wide which was 
treated by ligation with 2 double silk ligatures. On the seventeenth day after 
operation there was evidence of return of the murmur and the blood pressure 
returned to the preoperative level. In 2 other patients Gilchrist stated that al- 
though there was improvement, the ductus was incompletely occluded. 

Shapiro,” in 1947, collected and reviewed 626 operative closures of the 
patent ductus carried out by 46 different surgeons. The incidence of re- 
eanalization in 431 cases closed by various forms of ligation was 8.7 per cent. 

Touroff,’® in a discussion of papers presented by Jones and Gross at the 
meeting of the American Association of Thoracic Surgery in 1947, stated that 
the pateney of the ductus following operation may be attributed to incomplete 
occlusion by the ligature at the time of operation or recanalization secondary 
to infection. Furthermore, he suggested that in the presence of infection it 
might be advisable to avoid division of the ductus and employ a minimum of 
silk for ligatures. 

Davis,* in discussion of the same papers, reported the persistence of a 
murmur following the ligation of a patent ductus in a 17-year-old boy with 2 
ligatures of cotton tape. At a second operation 3 weeks later the ductus 
arteriosus was very short and small and was located with difficulty. There 
is no mention of a palpable thrill over the ductus. Two ligatures of umbilical 
tape were tightly placed superimposed around the ductus. On discharge 10 
days later the murmur was gone but 6 weeks postoperatively a murmur was 
again heard. Although a persistent murmur was present, the patient was said 
to be cured in that his exercise tolerance was good. 

In the same discussion Crafoord? reported in his entire series only one 
recurrence following simple ligation in a patient with bacterial endarteritis 
in whom the ductus was divided. At the second operation ‘‘a sort of aneurysm 
had developed between the aorta and the pulmonary artery and there was a 
wide communication between the two vessels.’’ The patient died a few hours 
after an attempt was made to close the fistula. 

Wangensteen”® and his associates have had the experience of recanaliza- 
tion following ligation of the ductus but no recurrences since employing the 
technique of division and suture of the ductus. In a recent communication 
Wangensteen”! stated that 2 patients out of 18 who had had ligations were re- 
explored because of evidence of recanalization. In one case the ductus had 
not reeanalized. The patient later succumbed from an interventricular septal 
defect. In another patient who was re-explored in the presence of bacterial 
endocarditis the ductus was divided. However, this patient died of her in- 
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In Jones’s'? report of 58 ligations there were 5 patients in whom a con- 
tinuous murmur was noted within the first few days after operation. The re- 
sults were attributed to failure to tie the ligatures tightly enough to occlude 
the lumen of the ductus completely. In 5 other patients discharged from the 
hospital follow-up examination showed a recurrence of the continuous mur- 
mur 5 or 6 weeks after ligation. 

In a recent communication Jones stated that he has reoperated 3 pa- 
tients for a return of the murmur following ligation. One patient developed 
a myeotie aneurysm following ligation.1' The second was a little girl who 
developed subacute bacterial endocarditis after ligation of the ductus by an- 
other surgeon. In an effort to close the ductus by division and suture, severe 
hemorrhage developed and a fatality resulted. The third case was a child 
whose ductus had been ligated elsewhere. A successful division and suture 
was performed in this patient. 

Holman’ has reported the case of a 13-year-old girl whose ductus was 
closed with a single ligature at the first operation. Approximately 5 months 
after the ligation a continuous murmur was again heard. Sixteen months 
after the first operation the ductus was again isolated and ligated at both 
pulmonie and aortic ends with 3 mm. wide tape. At the time he reported 
the case the girl had grown to womanhood, had married, had had one ehild, 
and was clinically well except for a mild basal systolic murmur. 

Recently W. H. Scott, Jr.,1° reviewed the results of operations performed 
on patent ductus arteriosus at Johns Hopkins Hospital. In all, 180 operations 
were performed by 14 members of the Staff. Nine patients were treated by 
simple ligation with no deaths and 1 recanalization; in 7 patients division was 
performed with 1 death and no recanalization; attempted closure in 3 patients 
was unsuccessful and resulted in 2 deaths; suture ligation was performed in 
161 patients with 2 deaths and no reeanalization. The single instance of re- 
eanalization of the ductus that had occurred in this series was in a patient with 
an active Streptococcus viridans infection in whom the ductus was closed with 
2 braided silk ligatures in the early part of the series. A successful secondary 
closure was made 3 weeks later but the bacterial endocarditis persisted, re- 
sulting in the death of the patient 314 months after the second operation. In 
the 161 cases treated by the suture ligation technique there has been disap- 
pearance of the continuous murmur with no suggestion of recanalization up 
to the time of publication of this report. Adequate follow-up studies for 
periods from 6 months to 6 years were possible in 126 patients. There was an 
opportunity for anatomic study in only 1 ease. This patient, a woman 24 
years of age, died of a spontaneous subarachnoid hemorrhage 1 year after a 
successful closure of the patent ductus by the multiple suture ligation tech- 
nique. At autopsy the ductus measured 1 em. in length and was completely 
obliterated by a solid core of fibrous tissue. Serial sections through the ductus 
showed complete obliteration of the lumen by fibrous tissue, with no tendency 
to recanalization. The ends of the ductus in the pulmonary artery and in the 


aorta were completely sealed off. 
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In commenting on the multiple suture ligation technique of Blalock, Scott 
stated that beeause of its simplicity and safety this method is advocated for 
general application in preference to a method of division of the ductus. 

There are probably other instances of postoperative recurrence in patients 
with patent ductus arteriosus, although to date very few reports appear 
in the literature. The obvious cause of postoperative recurrence is either that 
the ligatures are not tied tightly enough so that a small fistula remains, or 
that some weeks later, with the return of a continuous murmur, the ligatures 
have cut through the ductus and a portion of the shunt is re-established. 


A. B. 


Fig. 1.—A, Roentgenogram taken before first operation, Aug. 26, 1948. Note the en- 
larged heart shadow, the prominent pulmonary conus, and the pronounced vascular markings 
in both lung fields. B, Roentgenogram taken Dec. 15, 1949, 2 months after second operation. 
There is marked reduction in the size of the heart and improvement in the pulmonary vascular 


markings. 


CASE REPORT 


P. M., a 7-year-old white girl, was admitted to the Presbyterian Hospital on Aug. 24, 
1948, for surgical treatment of a patent ductus arteriosus. This case is the only recurrence of 
a continuous murmur after closure of the ductus with 3 interrupted suture ligatures in a 
series of 28 patients, 2 to 38 years of age. 

On physical examination the pulse was 100, blood pressure 110/20. There was no cyanosis 
and no clubbing of the fingers. The neck veins were normal. The lungs were clear. The 
heart was enlarged with a forceful point of maximal impulse 2.0 cm. to the left of the mid- 
elavieular line in the sixth intercostal space. There was a palpable thrill in the third left inter- 
costal space and a Grade 3 systolic murmur, loudest in the pulmonic area and followed by a con- 
tinuous diastolic blow. The systolic element was well heard over the precordium and back. 
There was a Grade 2 apical diastolic rumble with an apical gallop, systolic in time. The 
patient had good exercise tolerance, apparently, as there were no symptoms of myocardial 


failure. 


718 DAVIS, FELL, AND GASUL ey 
May, 


A roentgenogram of the chest (Fig. 1; 4) showed the heart shadow increased in all direc- 


tions and the enlargement of the pulmonary conus. The vascular markings in the lung field 
were prominent. These findings suggested a patent ductus arteriosus. 

On Sept. 1, 1948, a ligation of the patent ductus arteriosus was performed. Under ether 
anesthesia the chest was opened through the third intercostal space on the left side. The 
second and third costal cartilages were divided anteriorly. The mediastinal pleura was in- 
cised between the phrenic and vagus nerves, exposing the vagus and recurrent laryngeal nerves 
and the arch of the aorta. The dissection of the ductus was started on the aortic side 
and the anterior portion of the ductus was freed of its overlying loose tissue. It 
was found to be broad and short. After rather complete dissection of the tissue about the 


Ductus arteriosus with 
remnants of Sutures from 
1 previous ligation 


@mecurrent 
laryngeal 
nerve 


Cut edge of 

mediastinal 
pleura 


Fig. 2.—Drawing shows the conditions at second operation. Actually, the silk sutures 
were more closely approximated than shown in this illustration and were displaced to the 
aortic end of the ductus. 


ductus was made it was closed with 3 interrupted silk suture ligatures. No thrill was palpable 
after closure of the ductus. A Pezzer catheter was left in place for drainage of the pleural 
cavity. During surgery the patient was given 250 ¢.c. of saline solution and 100 ¢.c. of blood. 
Following surgery the patient’s blood pressure rose from an immediate postoperative reading 
of 120/90 to 145/115 on the first postoperative day. 

Approximately 2 months later examination disclosed a recurrence of the continuous 
machinery-like murmur. It seemed advisable to postpone a second operation until all inflam- 
matory reaction had subsided. 


The patient returned to the Cook County Hospital on August 1 for further examination 
and exploration of the ductus. At this time the blood pressure was 126/30. A continuous 
thrill was palpable over the base of the heart where the characteristic ductus murmur was 
best heard. Roentgenograms showed the heart size enlarged in all directions with bulging 
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of the pulmonary conus. There was a rather marked increase in the hilar vascular markings. 
The diagnosis was a recurrent patent ductus arteriosus, with previous ligation of the ductus 
evidently unsuccessful. 

Operation was performed under cyclopropane anesthesia. The chest was opened through 
the third intercostal space, using the lateral approach. The findings at operation were interest- 
ing. The lung was adherent to the old wound but was easily dissected free. A thrill was 
palpable over the ductus. The lumen of the ductus was wide open. Three silk ligatures 
were visualized close to the aortic end of the ductus and were buried in fibrous tissue. The 
ductus was approximately 1.5 cm. long by 1 em. wide. 

The aorta was mobilized so that the Potts-Smith aortic clamp could be applied in case 
of hemorrhage. The pulmonary artery was freed from the mediastinal pleura. The vagus 
nerve was very adherent to the ductus and was freed from dense fibrous tissue. The ductus 
was then exposed, beginning at the aortic end. A small tear at this point resulted in severe 
bleeding which was controlled by application of the Potts-Smith aortic clamp. In the dis- 
section of the pulmonary artery bleeding occurred which was controlled by the application of 
the Potts ductus clamp. Each end of the ductus was closed with 00000 silk. There was no 
evidence of bleeding following removal of the clamps. The chest was closed after insertion 
of a Pezzer catheter for drainage. 


Fig. 3.—A, Method of closure of the divided ends of the ductus arteriosus. Observe the 
Potts-Smith aortic clamp instead of the Potts ductus clamp which is usually employed on both 
ends of the ductus. B, Drawing indicating the technique used in suturing the ends of the 
ductus. The inner layer consists of a row of continuous mattress sutures and the outer layer 
of over-and-over sutures; 90000 silk was used. 


The operation lasted five hours. Adequate blood replacement, oxygen, and other sup- 
portive measures resulted in rapid improvement postoperatively. On the fourteenth post- 
operative day a systolic murmur was heard in the third left intercostal space but the con- 
tinuous murmur of the ductus was absent. The patient was discharged on the sixteenth post- 
operative day with a blood pressure of 114/96. 

Examination in February, 1950, revealed no evidence of a continuous murmur. The pa- 
tient had gained 5 pounds in weight and appeared to be in excellent condition. She was going 
to school and engaging in all the activities of her playmates. 


SUMMARY 


A ease is presented of a 7-year-old girl in whom a patent ductus arteri- 
osus was ligated with 3 suture ligatures with return of the continuous mur- 
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mur 2 months after operation. One year later at a second operation the 
ductus arteriosus was successfully divided. As a result of this experience 
closure of the ductus by division and suture has been accomplished in suec- 
ceeding cases with good results and without mortality in 24 patients. 
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THE GROWTH OF VASCULAR ANASTOMOSES WITH CONTINUOUS 
POSTERIOR AND INTERRUPTED ANTERIOR SILK SUTURES 


JULIAN JOHNSON, M.D., CHARLES K. Kirspy, M.D., Mark W. ALAM, V.M.D., 
AND WILLIAM HaGan, M.D., PHILADELPHIA, PA. 


(From the Harrison Department of Surgical Research, Schools of Medicine, 
University of Pennsylvania) 


N EXPERIMENTS recently described by us' it was found that the growth 
of aortic anastomoses in pigs was influenced by the type of suture and suture 
material used. With continuous Carrel or everting mattress sutures of silk, 
normal growth apparently could not be relied upon unless the suture broke or 
pulled through all layers of the vessel wall. With interrupted silk or continuous 
chromic catgut sutures growth was not impeded and, in examining the specimens 
from the intimal side, the suture line was not easily identified. It was recom- 
mended, therefore, that interrupted silk or continuous catgut sutures be used 
in performing vascular anastomoses in infants and children, when possible. 
These recommendations present certain difficulties in clinical practice. We 
have not yet found a chromic catgut suture in which we have sufficient confidence 
for use in patients. Interrupted silk sutures are not easily placed in the pos- 
terior suture line of anastomoses which cannot be turned over, for: example, 
subelavian-pulmonary artery, aortic-pulmonary artery, and some end-to-end 
aortic anastomoses without division of the intercostal arteries. These experi- 
ments were undertaken to determine whether there is limitation of growth of 
such anastomoses if continuous silk sutures are used for the posterior half and 
interrupted silk sutures for the anterior half of the suture line. 


EXPERIMENTAL METHODS 


Young pigs, weighing from 25 to 35 pounds, were used in the experiments. 
They were anesthetized with intravenous veterinary Nembutal injected into an 
ear vein and this was supplemented with open drop ether. For intrathoracic 
operations, intermittent insufflation ether anesthesia was administered through 
an endotracheal tube. On the day after operation the animals were taken to 
the University farm, where they were raised. When the pigs were sacrificed, 
approximately 6 months after operation, they weighed 200 to 250 pounds, an 
eight- to tenfold increase. The vessels including the anastomoses were removed 
and measurements and photographs were taken with the anastomotic area in- 
flated with normal saline solution to a pressure of 120 mm. of mereury. Three 
groups of experiments were done. 

Group 1—Aortic Anastomoses.—In 3 pigs the abdominal aorta was exposed 
retroperitoneally through a left flank incision and mobilized for a distance of 
3 to 4 em. by ligating and dividing the lumbar arteries. In 2 additional pigs a 
left thoracie incision was made through the fourth interspace, and the thoracic 
aorta in the ‘‘eoaretation area’’ was mobilized by ligating and dividing inter- 
costal arteries. Aortic clamps were applied and the aorta was divided. The 
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divided ends were sutured with 00000 Deknatel silk. A continuous Carrel suture 
was used for the posterior half and interrupted sutures for the anterior half 
of the anastomosis (Fig. 1). 

Group 2—Aortic-Pulmonary Artery Anastomoses.—In 3 pigs the left pul- 
monary artery and the aorta were mobilized as in performing the Potts oper- 
ation in patients. A 4 mm. (inside diameter) anastomosis was performed, using 
continuous posterior and interrupted anterior silk sutures (Fig. 1). 


Fig. 1.—The suture method used in these experiments. A continuous Carrel suture of 


silk was used for the posterior half and simple interrupted sutures of silk for the anterior 
half of the anastomosis. 


Group 3—Subclavian-Pulmonary Artery Anastomoses.—In 3 pigs an end- 
to-side anastomosis of the left subclavian artery to the left pulmonary artery 
was done as in the Blalock operation in patients. Continuous posterior and 
interrupted anterior silk sutures were again used (Fig. 1). The length of the 
left subelavian artery obtainable before extensive branching occurred was not 


Fig. 2 (Specimen 3).—An inflated thoracic aorta anastomosis seen from the posterior 
surface. There is no constriction. 

Fig. 3 (Specimen 61).—An end-to-end abdominal aorta anastomosis opened longitudinally. 
There is no constriction at the suture line. 

Fig. 4 (Specimen 63).—A_ side-to-side aortic-pulmonary artery anastomosis inflated. 
The interrupted anterior sutures have pulled through the vessel wall and can be seen lying 
in the adventitia. 

Fig. 5 (Specimen 23).—A side-to-side aortic-pulmonary artery anastomosis seen from the 
aortic side, with a toothed forceps passed through the lumen. 
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sufficient to permit the performance of an anastomosis without tension in any 
of the 3 animals. In 2 there was little, if any, blood flow through the anastomosis 
when the clamps were removed. In 1 of these the pulmonary artery was ligated 
and divided proximal to the anastomosis, with slight improvement. The third 
anastomosis appeared to function moderately well. 


RESULTS 


Group 1—Aortic Anastomoses.—During the period of growth the increase 
in the cross-sectional area of the abdominal aorta was approximately propor- 
tional to the inerease in weight, that is, eight- to tenfold. The increase in the 
cross-sectional area of the thoracic aorta was about five- to sixfold. In both 
anastomoses of the thoracic aorta and 2 of the abdominal aortic anastomoses 
there was no evidence of constriction at the suture line (Figs. 2 and 3). The 
third anastomosis of the abdominal aorta was slightly constricted at the suture 
line and there was slight dilatation distal to it. 

Group 2—Aortic-Pulmonary Artery Anastomoses.—Constriction was not 
a reliable creterion in determining the growth of these anastomoses because 
there was a slightly ‘‘econstricted’’ appearance at the time they were performed, 
due to the apposed position of the vessels. Observations concerning growth 
were based on external measurements made at the time of operation and when 
the specimens were inflated, and on internal measurements with the vessel walls 
adjacent to the anastomosis put on tension. One of the pigs died of erosion of 
the anastomosis into the left upper lobe bronchus at a weight of about 160 
pounds. The other 2 were sacrificed at a weight of about 250 pounds. 

All 3 anastomoses were patent and there was no doubt that they had grown. 
The internal diameter of approximately 4 mm. at the time of operation had 
increased to approximately 7, 8, and 9 mm., respectively. External measure- 
ments were not considered to be as accurate, but showed a proportional increase. 
Protruding inward toward the lumen from the suture line, which was clearly 
visible on the intimal surface of both the aorta and pulmonary artery, was a 
thin layer of tissue which was covered with endothelium. This layer of tissue 
encroached slightly on the lumen of the anastomosis like a partially closed 
A similar occurrence has not been noted in any other vascular 


camera shutter. 
Photographs of a representative specimen are shown 


anastomoses done by us. 
in Figs. 4 and 5. 

Group 3—Subclavian-Pulmonary Artery Anastomoses.—In the 2 pigs in 
which there seemed to be little blood flowing through the anastomosis at oper- 
ation beeause of tension, the subclavian artery from the aorta to the anastomosis 
was obliterated by a solid cord of fibrous tissue. In the third pig, in which there 
appeared to be satisfactory function at operation, the anastomosis was patent 
and had grown. The internal diameter appeared to have increased from about 


3 to 6 mm. 
COMMENT 


Although the number of experiments performed was not large, the results 
were clear-cut and consistent and may be regarded as strong evidence, we be- 
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lieve, that vascular anastomoses performed in this manner in infants and chil- 


dren will grow. 
SUMMARY 


1. End-to-end aortic, end-to-side subelavian-pulmonary artery, and side-to- 
side aortic-pulmonary artery anastomoses were done in young pigs. Continu- 
ous silk sutures were used for the posterior half and interrupted silk sutures 
for the anterior half of the suture line. After the pigs had attained full growth 
the anastomoses were removed and examined. 

2. The anastomoses grew in all instances, except for 2 subelavian-pulmonary 
artery anastomoses which thrombosed, probably because of undue kinking of the 
subelavian artery on the aorta. There was slight constriction of 1 end-to-end 
aortic anastomosis. 

CONCLUSION 


The use of continuous posterior and interrupted anterior silk sutures did 
not significantly limit the growth of vascular anastomoses in pigs. 
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THE GROWTH OF VENA CAVA AND AORTA GRAFTS 
AN EXPERIMENTAL STUDY 


JULIAN JOHNSON, M.D., CHarues K. Kirspy, M.D., Mark W. ALLAm, V.M.D., 
AND WILLIAM HAGAN, M.D., PHILADELPHIA, PA. 


(From the Harrison Department of Surgical Research, Schools of Medicine, 
University of Pennsylvania) 


HETHER or not vein and artery grafts will grow is a question of both 

practical and academic importance. It is of practical importance because 
of the instances in which a defect of large arteries may have to be bridged dur- 
ing operations on children, for example, coarctation of the aorta. It is of 
academic importance because it concerns the problem of the relationship of 
fibroplasia to growth. It has been shown that all layers of vena cava grafts 
used to bridge defects of the aorta in the same dog become infiltrated with 
fibroblasts and that thickening with fibrous tissue results.1 Some dilatation of 
vein grafts usually occurs and it has been postulated that the degree of dila- 
tation is limited by fibrosis.2 If this be true, limitation of growth might also 
be expected. In aorta grafts from one dog to another there is invasion of the 
graft with host fibroblasts. In some instances intimal sclerosis* and ealcifica- 
tion* have been observed. 

In the experiments to be reported the growth of vena cava grafts to the 
aorta of the same pig (vena cava autografts), of aorta grafts to the aorta of 
the same pig (aorta autografts), and of aorta grafts to the aorta of other pigs 
(aorta isografts) has been studied. The effects on growth of the fibroplasia 
occurring in autografts and of changes due to tissue incompatibility in isografts 
have thus been observed. 


EXPERIMENTAL METHODS 


In experiments recently described by us’ it was found that the growth of 
aortic anastomoses was not limited when interrupted silk sutures or continuous 
chromie catgut sutures were used. Interrupted silk sutures were used in most 
of the present experiments, and continuous chromic catgut sutures in a few, 
to eliminate the influence that other types of suture and suture material might 
have on the growth of the grafts. 

Small pigs, weighing 25 to 35 pounds, were used in the experiments. They 
were anesthetized with intravenous veterinary Nembutal injected into an ear 
vein and this was supplemented with open drop ether. For aorta grafts the 
abdominal aorta was exposed retroperitoneally through a left flank incision. 
For vena cava grafts the abdominal vena cava and aorta were exposed retroperi- 
tonelly through a right flank incision. On the day after operation the animals 
were taken to the University farm where they were raised. When sacrificed 
about 6 months later their weight had increased to 200 to 250 pounds, an eight- 
to tenfold inerease. A portion of the abdominal aorta which included the graft 
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was removed. Measurements and photographs were taken with the grafts and 
adjacent abdominal aorta inflated with normal saline solution to a pressure of 
120 mm. of mereury. 

Aorta Autografts.—In 3 animals segments of the abdominal aorta, mobilized 
by ligating and dividing the lumbar arteries, were excised. The segments 
measured 2.5, 2.5, and 3.2 em. in length, respectively. They were sutured back 
into place with interrupted silk sutures as free arterial grafts. 


Mig, 1. 


EE 


Fig. 2. 


Fig. 1.—An aorta autograft opened longitudinally. The graft has grown as much as the 
aorta above and below it. 

Fig. 2.—An aorta isograft opened longitudinally. The wrinkled appearance of the intimal 
surface of the graft is in contrast to the smooth appearance of the aorta above and below it, 
and to the aorta autograft shown in Fig. 1 


Aorta Isografts.—In these experiments 2 pigs were operated upon simul- 
taneously and aorta grafts 2.5 em. in length were exchanged. Aorta isografts 
were done in 6 pigs in this manner, Continuous Carrel sutures of chromic 
catgut were used in 2, and interrupted sutures of silk in the remaining 4. 

Vena Cava Autografts——The abdominal vena cava below the renal veins 
was mobilized by ligating and dividing lumbar veins. Ligatures were placed 
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Fig. 4. (For legends see opposite page. ) 


Fig. 3. 
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just below the renal veins and just above the bifurcation of the vena cava. The 
intervening segment of vena cava was excised, the grafts thus obtained varying 
from 2.2 to 3.5 em. in length. The abdominal aorta of the same pig was then 
mobilized, aortic clamps were applied, and a segment approximately equal in 
length to the vena cava graft was excised. Vena cava grafts were used to bridge 
aortic defects in this manner in 5 pigs. Continuous Carrel sutures of silk were 
used in 1, continuous Carrel sutures of chromic catgut in 1, and interrupted 


sutures of silk in the remaining 3. 
RESULTS 


During the period of growth the increase in the cross-sectional area of the 
abdominal aorta was approximately proportional to the increase in weight, 
that is, eight- to tenfold. Whether or not growth had occurred was immediately 
apparent when the specimens were inflated. 

Aorta Autografts—The growth of the grafts was the same as that of the 
aorta in all 3 instances. There was no evidence of constriction. The grafts 
had approximately the same appearance, both grossly and microscopically, as 
the remainder of the aorta. A photograph of 1 of the specimens is shown in 


Fig. 1. 
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Fig. 5.—-A vena cava autograft opened longitudinally. There is no constriction in the region 
of the graft. The graft is slightly dilated. 


Aorta Isografts——In 4 of the 6 specimens the lumen of the graft had been 
oceluded by a solid cord of fibrous tissue. The grafts had a shrunken appear- 
ance and it seemed likely that thrombosis had occurred soon after operation. 
In the remaining 2 animals the growth of the graft equalled that of the host 
aorta. One of these specimens is shown in Fig. 2. When viewed from the 
intimal surface, the graft appeared irregular and wrinkled in contrast to the 


Fig. 3.—A photomicrograph of an aorta autograft sectioned longitudinally (35). The 
appearance of the normal aorta above and below the graft is approximately the same. 

Fig. 4.—A photomicrograph of an aorta isograft sectioned longitudinally (x35). The 
dark patches in the middle third of the section are seen under higher power to consist of in- 
flammatory cells and areas of necrosis. These are thought to be due to tissue incompatibility. 
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smooth surface of the host aorta above and below the graft, and to the aorta 
autografts. On microscopic examination an area of inflammatory reaction was 
seen along the entire length of the isografts and this was considered probably 
to be due to tissue incompatibility.* This reaction was not observed in the 
aorta autografts. The contrasting pictures on microscopic examination are 
shown in Figs. 3 and 4. 

Vena Cava Autografts—In the animal in which continuous Carrel sutures 
of silk were used the graft was shrunken and its lumen was obliterated by a 
solid cord of fibrous tissue. This graft was done before experiments on the 
influence of the type of suture and suture material on aortic anastomoses were 
completed.’ It seems possible that thrombosis resulted from limitation of 
growth caused by the continuous silk sutures since thrombosis of vena cava 
grafts occurred in no other instance in these experiments, or in previous experi- 
ments in dogs.‘ In the remaining 4 vena cava grafts there was no constriction 
at the suture line. Three of the grafts were somewhat dilated, while the fourth 
was not. A representative specimen is shown in Fig. 5. An interesting ob- 
servation in one of the specimens was a saccular aneurysm. Aneurysms have 
not been observed previously in our experience with vena cava grafts. The 
occurrence of an aneurysm in this instance may have been due to a localized 
injury to the vena cava wall in dissecting out the graft. 


COMMENT 


These experiments suggest that fibroplasia and other changes which may 
oceur in autografts do not limit growth—at least not rapid growth. These 
results are not necessarily applicable to children, in whom the growth period 
is much longer, and in whom slower growth might provide time for the develop- 
ment of mature connective tissue which might limit growth. The high incidence 
of thrombosis in the isografts, which is in contrast to our experience with auto- 
grafts in both pigs and dogs, and with the experience of others with isografts 
in adult animals,’ suggests that changes due to tissue incompatibility may 
seriously limit the usefulness of isografts when growth of the graft is required 


for success. 
CONCLUSION 


The growth of vena cava and aorta autografts in pigs equalled that of the 
aorta in which the grafts were placed. The incidence of thrombosis in aorta 
isografts was high, but growth was equally good when thrombosis did not occur. 
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MELANOCARCINOMA OF THE PLANTAR SURFACE OF THE FOOT 
A Review or TWENTY-FIVE CASES 


ALFRED M. DEcKER, M.D., AND JAMES T. CHAMNEsS, M.D., St. Louis, Mo. 


(From the Department of Surgery, Washington University School of Medicine and 
Barnes Hospital) 


ARIATIONS in behavior of the same histologic type of malignant tumor 

in different sites of origin are well known. Pack" has suggested that 
there is a poorer prognosis in general for malignancies of the foot and hand, 
particularly the former. As the experience of one individual or even one in- 
stitution with malignant melanomas of the sole of the foot is necessarily lim- 
ited, it is felt worth while to report 25 cases in some detail. These represent’ 
the accumulated cases of histologically proved melanocarcinoma primary on 
the sole of the foot seen at the Barnes Hospital, St. Louis, Mo., and the Ellis 
Fischel State Cancer Hospital, Columbia, Mo. Discussion of diagnosis, treat- 
ment, and follow-up is included with some attempt at evaluation of varied 
modes of therapy. 

DIAGNOSIS 


Incidence.—Eleven of our cases were men and 14 were women. One was 
a Negro man, the remainder were white. The youngest patient was 19 years 
of age; only 2 patients were under 40, and the remaining 23 were evenly dis- 
tributed over the fifth to eighth decades. The lesions were well distributed in 
location, 10 being on the metatarsal area or ball of the foot, 10 on the heel, 3 on 
the instep, 1 over the entire sole, and 1 not located in its description. 

History.—Nine patients had noted a pre-existing mole, 2 since birth and 
the others present from 3 to 20 years. There were 6 histories of plantar 
trauma, 3 of them being nail punctures. It will be recalled that Hewer’® con- 
jectured that thorn punctures were the cause of the high incidence of plantar 
melanoearecinoma in the unshod African Sudanese. Many other writers have 
stressed the relation of trauma to malignant change in moles but the correla- 
tion with the onset of malignancy has been too remote in many of the reported 
eases to ascribe to trauma an etiological role. 

Eight patients reported darkening of their lesions from brown to black. 
Other clinical signs elicited which suggested malignant change were growth, 
spread of pigment into surrounding skin as pseudopod-like projection or 
daughter lesions at a short distance from the original lesion, ulcer formation, 
bleeding, apparent chronic infection, and pain. Though 3 lesions presented 
themselves only as ulcers, the remaining 22 ultimately became tumors. Delay 
in seeking definitive therapy after onset of these malignant changes varied 
from 0 to 102 months. | 

Seventeen patients had had some local therapy prior to hospital admis- 
sion. Six of these treated elsewhere had no local recurrence, but did present 
metastases. In apparently no instance was the correct diagnosis suspected by 
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the physician first consulted and in only 5 instances did the physician consider 
the lesion to be malignant. Even in the hospital the correct diagnosis in sev- 
eral cases was not made until the microscopic examination. 

Gross Appearance.—The gross appearance of the primary lesion was fre- 
quently not suggestive of melanoma. Eight of the 25 were not pigmented 
grossly and 6 of these contained no melanin granules microscopically. Six 
were brown, 9 black or blue-black, and 2 were not described as to color. In 


Fig. 4. 


Fig. 5. 
Fig. 4.—An infected, ulcerated, nonpigmented, recurrent plantar lesion which 
microscopically to be a melanocarcinoma. 
Fig. 5.—An elevated, nonpigmented, firm lesion suggesting a plantar wart but which 


proved microscopically to be a relatively little pigmented melanocarcinoma. This patient is 
living without evidence of disease 78 months after excision and inguinal dissection. 


proved 


the history or description, the primary lesion presented first as a ‘‘ecallous’’ in 
. instances, a ‘‘pigmented mole’’ in 7, a ‘‘wart’’ in 2, a ‘‘pigmented spot’’ 
in 1, and ‘‘uleer’’ in 5, and as a ‘‘growing tumor’’ in but 5 instances. Twenty- 
two became frank tumors at some time in their course. 

Differential Diagnosis.—In all, 142 plantar lesions were excised or biopsied. 
Forty-three, or 30 per cent, of these (including the 25 melanocareinomas) were 
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malignant. The other malignant lesions consisted of 10 squamous-cell ear- 
cinomas, 2 sweat gland carcinomas, 1 basal-cell carcinoma, 2 liposarcomas, 2 
fibrosarcomas, and 1 Kaposi’s sarcoma. 

Among the benign lesions were 7 nevi, all but 1 pigmented, and all of 
the junction type believed by Traub***® to be the potentially malignant 
variety. Other benign lesions were 3 fibromas, 2 inclusion type epidermal 
cysts, 1 giant-cell tumor of tendon sheath, 1 hemangioma, 1 sclerosing heman- 
gioma, 1 granular-cell myoblastoma, and 81 warts or hyperkeratotic lesions. 
Other benign lesions which may grossly resemble melanomas or vice versa are 
‘‘blue moles,’’ keloids, pigmented areas in von Recklinghausen’s disease, 
pyogenic granulomas, hemorrhagic vesicles secondary to trauma, pigmented 


Fig. 6.—A nonulcerated soft tissue mass involving the sole of the foot over the area 
Mag — which proved to be a granular-cell myoblastoma. This is an unusual lesion in 
ation. 


papillomas, and pigmented carcinoma in xeroderma pigmentosum. Nonpig- 
mented lesions are most commonly misdiagnosed before operation and there- 
fore are badly handled if malignant. Diagnosis of the gross specimen is ex- 
tremely difficult and one must always have a high index of suspicion for malig- 
nant melanoma. It must also be recognized that the ultimate diagnosis is a 
microscopic one. In the accompanying illustrations this resemblance between 
some of these benign lesions and malignant melanomas is apparent. 


TREATMENT OF THE PRIMARY LESION 


Methods of treatment of the local lesion were varied, both in the hospital 
and previous to admission. Scalpel excision, cautery excision, irradiation, and 
amputation were used in the hospital, whereas excision by knife or cautery as 


: 
: 
gate, 
; 


Vehoose MELANOCARCINOMA OF PLANTAR SURFACE OF FOOT 735 
well as application of caustic pastes were therapies used elsewhere. In 9 
instances local control was effected primarily and in 6 secondarily. Ten cases 
were followed in which the local lesion was never controlled, 3 of which were 
considered hopeless when first seen and received either irradiation or no local 
therapy. The observations of Adair,? Pack and associates,* and Ackerman’ 
on the ineffectiveness of irradiation therapy reflect the conclusions which led 
to its use only in hopeless cases in this series. Survival rates where the pri- 
mary lesion was not controlled varied from 12 to 60 menths, the majority sur- 
viving between 12 and 24 months. Where the local lesion was controlled the 
survival was longer; 4 are living without disease 12 months, and 1 78 
months; the majority survived with disease 24 to 36 months and 2 survived 


138 to 182 months. 


TABLE I, RESULTS OF VARIOUS THERAPIES ON THE LOCAL LESIONS* 


Causties 

X-ray 

Cautery excision oo. 

Amputation 0 000000 

*Included are all 36 primary and secondary attempts prior and subsequent to admission. 
o = local control 
. = failures 


It is our belief that cautery excision offers no particular advantage over 
scalpel excision in these cases, and observations on inadequate cautery desic- 
cation or excision by Gonin,® Tod,’? and Amadon® suggest that such may in- 
crease koth the activity and metastatic tendency of melanocarcinoma. Fur- 
thermore, the site of cautery excision presents a slowly healing wound un- 
suitable for primary closure or primary skin grafting. Taussig and Torrey,’® 
Traub,'* !° and Ewing’ confirm our feeling that simple total ‘‘excision biopsy’’ 
of small apparently benign plantar lesions is not harmful and is the procedure 
of choice. It is the opinion of Webster, Stevenson, and Stout?® that there is 
no evidence that knife biopsy is harmful, and that it should be used in in- 
stanees where total ‘‘excision biopsy’’ of an undiagnosed lesion might be un- 
necessarily mutilating. 

As to width of border and depth of resection, we can draw but few con- 
clusions from experience with these 25 eases, as techniques varied widely over 
the span of years covered. The occasional success of local excision and the 
uniform success of amputation establish the fact that a safe margin does ex- 
ist if it ean be circumscribed. However, in only 7 of 24 primary or subse- 
quent attempts at local excision by cautery or scalpel, excluding amputation, 
was local control effected. The assumption is inevitable that an adequate mar- 
gin appears too radical to most surgeons. Butterworth and Klauder® felt at 
least a 3 em. lateral margin in excision of melanocarcinomas is necessary for 
adequacy because microscopic examination of the primary lesion reveals in- 
vasion of lymphatic structures for about 3 em. beyond the border of the lesion. 
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Fig. 7.—Typical microscopic appearance of melanocarcinoma. 
ig. 8.—A benign, cellular, pigmented plantar nevus, junctional type, without evidence of 


Fig 
malignant change. 


Fig. 8. 
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Pack’ stated that closure of the site of excision of a primary melanocareinoma 
on an extremity should always require a graft, and noted that 30 per cent of the 
malignant melanomas in his survey recurred locally. 


Fig. 9.—A basal-cell carcinoma on the plantar surface of the foot, an unusual location for this 
lesion. The gross lesion was small, firm, nontender, and somewhat elevated. 

It is felt that the depth of excision of malignancies on the plantar surface 
of the foot should include en bloe the underlying plantar fascia, the partial or 
total removal of which results in no significant disability.’* Lesions, the ade- 
quate removal of which seems to require deeper dissection, undoubtedly should 


be treated by amputation. 
THE PROBLEM OF REGIONAL LYMPH NODE METASTASES 


Incidence.—Fourteen of the 25 eases had clinically apparent metastases in 
the inguinal lymph nodes which were confirmed microscopically after resection 
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or biopsy. Only 6 had ‘‘therapeutic’’ inguinal node resections, however, be- 
eause 8 of those cases with palpable nodes had inoperable involvement when 
first seen. In no instance did a node suspected clinically of containing 
metastatic melanoma fail to show this when excised and examined micro- 
seopically. The 10 eases in which clinical evidence of inguinal metastases was 
not apparent had so-called ‘‘prophylactic’’ inguinal node resections and in 2 
of these cases the nodes were found to be invaded by melanocarecinoma. One 
patient with generalized cutaneous spread confirmed by biopsy had had an 
inguinal dissection elsewhere and therefore perhaps does not belong in either 
of the preceding groups, but for completeness has been included as a therapeu- 


tie resection. 


Fig. 10,A.—Sweat gland carcinoma. Note circumscribed tumor lying in the dermis without 
connection with the epidermis. 


One patient with a primary lesion covering the sole of the foot, with 
massive inguinal involvement and with generalized spread, had clinically in- 
volved popliteal nodes. In no other case was popliteal involvement mani- 
fested, even in the presence of widespread metastases. This was noted despite 
the fact that some part of the heel was involved in 11 instances and that the 
lateral aspect of the heel, which is the area purported to drain to the popliteal 
nodes,'? was involved in 5 of these instances. It is thought, therefore, that 
the popliteal nodes are rarely involved and that ‘‘prophylactic’’ dissections 
of this area are not practical. 

Treatment.—The principle of en bloe dissection in continuity of primary 
lesion and regional lymph drainage as advocated by Pack and colleagues’’ is, 
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of course, not impossible in plantar lesions. However, in only 4 patients, all 
of whom had generalized skin metastases, was there tumor manifested between 
the local lesion and inguinal nodes at any time during the course of the dis- 
ease. These were late rather than early developments in the picture of gen- 
eralized melanocarcinomatosis, and suggested embolic spread rather than 
growth in continuity through the lymphaties. 

Delayed node dissections to allow for filtration of tumor emboli were not 
generally practiced, though there was a delay of 6 days to 24 months after 
loeal excision in 5 of the 17 inguinal dissections because some eases treated 
locally outside were not referred until inguinal metastases appeared. This 
suggestion of Pack and associates’® seems logical. All authors previously 
quoted as well as others* © 7° agree that regional lymph node dissections should 
be performed for melanocarcinoma whenever clinical operability is satisfac- 
tory, and so-called ‘‘prophylactic’’ inguinal] dissections should not be neg- 


lected. 


Fig. 10,B.—Photomicrograph, high power, of the well-differentiated sweat gland carcinoma of 
Fig. 10,A. Note areas resembling normal sweat gland. 


The possibility of delayed or slow retrograde involvement as observed by 
Handley® and attributed to blocking of lymphatics and lymph nodes by tumor 
cells might explain skin involvement between the original local lesion and 
the inguinal nodes many years after resection of both. This phenomenon was 
not observed in our series. It is difficult to believe that malignant cells are 
traveling within the lymph channels this long period of time without breaking 
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through and multiplying. In those cases reported where such has occurred 
and in which all inguinal nodes were reported negative, one must question the 
thoroughness of the pathologist’s search for nodes. It is quite conceivable 
that this phenomenon would occur in terminal eases with widespread skin in- 
volvements as we observed. 
RESULTS 

Of the 25 patients, 19 have died of melanocarcinomatosis. Hight were 
inoperable when first seen. None of these 8 survived as long as 2 years from 
the time they were seen in the hospital clinics but one had survived 10 years 
and two 15 years from the time the original lesions were first treated else- 
where. Of 17 treated both locally and with inguinal node dissection, only 1 
is living without apparent disease over 6 years after therapy. Four other 
similarly treated patients are living without evidence of disease 18, 12, 7, and 6 
months after therapy. One patient is alive but with evident metastases 14 
months after treatment. Eleven have died of melanocarcinomatosis 4 to 55 
months after inguinal node dissection, averaging 22 months survival. 


Fig. 11.—An ordinary plantar wart. Note similarity to melanoma. 


Few conclusions may be drawn from this limited number of patients, sub- 
jected to such a variety of methods of treatment. The almost uniformly fatal 
outeome is readily apparent, with permanent cure probable in only one ease. 
It must be remembered that 6 of these 25 patients were cured of their pri- 
maries by their local physicians and presented only metastases. It seems prob- 
able that there exists an unknown group so cured, many of whom may never 
develop metastases. Local cure was more easily effected in those patients 
seeking competent aid soon after development of malignant characteristics. 
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The location on the sole, that is, ball, heel, or instep, seemed to have little to 
do with survival time, difficulty in local eradication, or incidence of inguinal 
node metastases. 

Nine cases in which a pre-existing apparently benign mole existed were 
studied. Two patients had noted a mole since birth (57 and 43 years), and 7 
others had noted presence of a mole from 3 to 20 years, before characteristics 
suggestive of malignancy were observed. Survival time after such charac- 
teristics appeared was no better or worse than in cases without pre-existing 
mole. It is quite reasonable to assume the pre-existing mole was truly benign 
and underwent a so-called malignant degeneration. The relative rarity of 
benign plantar nevi (7, all of junction type) in our records suggests that all 
pigmented nevi on the sole be considered malignant until proved otherwise. 

On the basis of this study a plan of treatment has been formulated for 
plantar lesions which we believe practical and which should offer maximum 
chance of cure for melanocarcinoma in that location. All eallosities cannot 
be subjected to excision or incision biopsies because melanocarcinoma once 
masqueraded as a callous! We do, however, feel strongly that any pigmented 
lesion, or lesion with a tendeney to grow, ulcerate, or otherwise behave un- 
usually should be preferably excised or under some circumstances biopsied 
for microscopic diagnosis. Furthermore, it is felt that all nevi of the sole of 
the foot, pigmented or not, should be subjected to excision biopsy even if 
such excision means the necessity of a skin graft. 

Onee a plantar lesion has been diagnosed melanocarcinoma microscop- 
ically, we feel the most radical efforts should be made to effect local cure 
immediately. If the lesion is less than 2 em. in diameter (considering pigment 
halo or satellite nodules as part of the continuity of the lesion), and shows no 
tendeney to deep fixation, local excision seems practical as well as safe. A 
3 to 4 em. margin is taken about the tumor border or limits of previous ex- 
cision biopsy and the dissection includes this area of plantar fascia. The de- 
feet is covered immediately with a split skin graft taken previously or taken with 
separate instruments after a change of gown and gloves by all involved. After 
local lesions seem controlled and cure is possible a delayed repair by local or 
cross-leg flap to the sole may be required. 

If the lesion is larger than 2 em. in diameter, shows many satellite nodules, 
or there is any tendency to deep fixation, it would seem that lower leg or oc- 
casionally partial foot amputation almost assures local cure. Loeal excision 
of such a lesion offers uncertain hope of eure or local control. 

It is thought that all patients with proved melanocarcinoma of the lower 
extremity, with or without palpably enlarged inguinal nodes, should be sub- 
jected to radical inguinal dissection if there is no evidence of other incurable 
metastases. The dissection should succeed local excision or amputation of 


the primary neoplasm. 
Irradiation therapy is not indicated as a primary treatment of melano- 


eareinoma. 
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SUMMARY 


1. Observations on the characteristics, diagnosis, and course of 25 cases 
of melanocarcinoma of the sole of the foot are presented. 

2. Results of various means of treatment are considered. 

3. A program for diagnosis and treatment of neoplastic plantar lesions in 


general is outlined. 
4. All plantar nevi should be excised. 


Acknowledgment.—The authors are indebted to Dr. Lauren V. Ackerman for his advice 
and criticism. 
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THE USE OF HYALURONIC ACID FOR FIXATION OF SKIN GRAFTS 


Harry H. LEVEEN, M.D., M.S., Epwarp FRANKLIN, M.D., AND 
J. RoLtAND Barserio, M.D., Cuicaco, IL. 


(From The Department of Physiology, Stritch School of Medicine, Loyola University) 


INTRODUCTION 


UCCESSFUL transplantation of skin requires firm fixation of skin to the 

recipient site to insure the re-establishment of a vascular supply upon which 

the donor skin will depend for its nutrition. Sano! found that the use of plasma 

fibrin to bond the donor skin to the recipient site resulted in an increased 
number of takes. 

In normal tissue the bonding of cells to one another is accomplished by 
intercellular cement substance, the major component of which is hyaluronic 
acid. The binding power of hyaluronic acid results from its unusual capacity 
to combine with protein.” 

Because hyaluronic acid in the intact animal contributes significantly to 
the interstial cement substance, the investigation of its applicability in the 
fixation of tissue grafts seemed to be a physiologic approach. 


METHODS 


Hyaluronie acid* was extracted from human umbilical cords by the method 
of Tolksdorf and associates. A 1 per cent solution of the potassium salt in 
physiologic saline solution was freshly prepared for use. 

Rats were anesthetized with intraperitoneal Nembutal. A 3 em. square of 
skin was removed from the upper half of the shaved back. A full-thickness skin 
graft was cut from the abdomen and transplanted to the denuded area on the 
back. In the experimental group the undersurface of the graft and the receptor 
site were painted with 1 per cent hyaluronic acid solution before the graft was 
sutured to the recipient site. The transplant was covered with a piece of 
petrolatum gauze. After closure of the donor site, the dressings were secured 
by placing the body in a fitted piece of stockinette with openings for the fore- 
legs. The procedure in the control group differed only in the omission of 
hyaluronie acid. 

The operative sites were inspected every 48 hours. Penicillin was given 
daily for 1 week, and sutures and all dressings were removed 6 to 8 days post- 
operatively. 

RESULTS 

The hyaluronic acid-fixed grafts were invariably more adherent to the 
recipient site as tested by skin traction immediately postoperatively. 

Only those animals that survived operation longer than 7 days were in- 
cluded in the series. There were 11 animals in the control series, and 12 experi- 
mental animals. 


Received for publication, Sept. 2, 1950. 
feta a aaa as the potassium salt through the courtesy of Shering Corporation, Bloom- 
ield, a. 
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Appearances of the grafts were periodically observed and recorded. The 
most obvious changes were in the degree of contraction, the amount of des. 
quamation or sloughing, and the amount of hair growth (Table I). 


TABLE I. CHANGES IN THE SKIN GRAFTS OF BOTH EXPERIMENTAL AND CONTROL SERIES 


AVERAGE PER 
AVERAGE CENT OF CON- AVERAGE AMOUNT OF HAIR GROWTH 
NUMBER OF AMOUNT OF TRACTION IN IN TAKESt 
RATS DESQUAMATION* TAKES 1 MO. 2 MO. 3 MO. 
Experimental 1.3+ 15 1.6+ 2.9+ 3.7+ 
series—12 
Control series— 2.5+ 33 1.2+ 2.2+ 2.8+ 
11 


*Desquamation was graded as follows: 


0 —No change 

1+—Fine scaling 

2+—Thick crust 

3+—Sloughing of less than one-half of graft 
4+—-Sloughing of more than one-half of graft; no take 


t+Hair growth was graded as follows: 


0 —None 

1+—Hair length less than 4 inch 
2+—Hair length between 4 and % inch 
3+—Hair length over % inch 
4+—Blending with environment 


The amount of desquamation in the hyaluronic acid-treated series was 
much less than in the control group; it was 1.3+ and 2.54, respectively (Table I). 
Two rats in the control series showed 4 desquamation+ (no takes) while only 1 
of the study group was judged as 4+ desquamation. The excellent appearance 
of recently taken hyaluronic acid-fixed skin is illustrated in Figs. 1 and 2. 

The amount of contracture was determined by comparing the initial area 
of the graft with the area 1 month after a successful take (Fig. 3). The degree 
of contracture of the control group was more than twice as great as in the 
study group—33 per cent and 15 per cent, respectively (Table I). 

A striking augmentation of hair growth was seen in the hyaluronic acid- 
fixed skin grafts. At the end of 3 months in the experimental group there was 
little difference in the appearance of the skin in the grafted area from that in 
the surrounding area. In the control group hair growth was never complete 
in 3 months (Fig. 3). 

DISCUSSION 

It is difficult to assess the benefits of this specifie adjunct to skin grafting 
on the basis of successful takes. The incidence of unsuccessful skin transplants 
in rats is relatively low when done by usual methods (about 25 per cent). 
Chance mechanical factors (moving of dressings, hemorrhage under graft, and 
so on) account for many of the failures. These reasons also account for an 
equal number of failures in our hyaluronic acid-fixed skin transplants. If 
successful takes alone were used as a criterion of the efficacy of method, the 
series would have to be huge in order not to obseure an observable difference 
which could only be a matter of a few per cent. 

The benefits of the method can easily be assessed by subsequent examination 
of the successful takes in both groups. Hyaluronic acid fixation of grafts 
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reduced the incidence of undesirable secondary reactions in transplanted skin 
to a minimum. Desquamation, retarded hair growth, contraction, and pro- 
longed erythema in the site seldom occur in the hyaluronic acid-fixed graft, 
while the incidence is more frequent in the control group. 

Hyaluronic acid is the mucoid medium in which cellular elements grow dur- 
ing the reparative process.* Since the proliferating epidermal] cells contain a 
fibrinolytic enzyme, the fibrin in the region of these cells is quickly liquefied.’ 
Hyaluronic acid, however, is rapidly secreted by the young fibroblasts and is 
important in the formation of collagen.2»* The presence of hyaluronic acid in 
adequate quantities, therefore, should aid firm and rapid fixation of grafted 
skin and materially contribute to a more adequate nutrition for the transplant. 


Pig. 1. Fig. 2. 


Fig. 1.—The photograph demonstrates the excellent appearance of a hyaluronic acid-fixed 
skin graft 18 days postoperatively. Notice the absence of desquamation, erythema, and edema 
and the healthy appearance of the transplanted skin. 

Fig. 2.—The appearance of a hyaluronic acid-fixed skin graft is shown 16 days after 
operation. Notice that the unshaved hair on one portion of the graft has not epilated. There 
is no desquamation or erythema. 


This improved nutrition is evidenced by the better appearance of successful 
takes. Sir Thomas Lewis’ wrote that ischemia of 6 to 12 hours’ duration is 
eapable of producing permanent changes in intact skin. The importance of 
intimate fixation of detached skin can, accordingly, be appreciated. 
Hyaluronidase is a mucolytie enzyme which destroys hyaluronic acid. This 
enzyme is produced by many pathogenic bacteria and was originally called 
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the ‘‘spreading factor’’ by Duran-Renals,* since its presence increased the 
permeability of the connective tissue and could be correlated with the rapidity 
with which infection spread. Many of the skin changes incident to infection 
are produced by hyaluronidase. 

For some time it has been known that successful takes did not oceur when 
skin was transferred to a donor site infected with hemolytic streptococci or 
Bacillus pyocyaneus. In the presence of hemolytic streptococci, unsuccessful 
takes were attributed to the production of fibrinolysin which liquefies fibrin and 
prevents satisfactory attachment of the graft. B. pyocyaneus produces a pro- 
telytic enzyme which directly attacks the grafts. It is possible that organisms 
producing large quantities of hyaluronidase (mainly hemolytic streptococci), 
might also prevent the satisfactory attachment of a graft to the donor site. 
The use of hyaluronic acid fixation may make successful takes possible in the 
presence of hyaluronidase by supplying quantities of hyaluronic acid in excess 
of those normally present. 


Fig. 3.—-A typical control skin graft, B, contrasted with a typical hyaluronic acid-fixed 
skin graft, A, 2 months after surgery. There is impaired hair growth in the control graft and 
an excellent coat on the hyaluronic acid-treated graft. The control graft also shows contracture 
of the transplant as compared to the experimental animal. 

However, an important reaction in wound healing is the increase in serum 
and cutaneous inhibitors of hyaluronidase which occurs shortly after operative 
trauma. This tends to prevent destruction of the hyaluronic acid which is 
produced by a healing wound.° 

Hyaluronie acid fixation of skin grafts is not offered as a substitute for 
suture fixation but rather as an adjunct to the latter. Although the tackiness 
of the donor skin is increased, it seems insufficient to warrant the exclusion of 


Th 
& 
‘mw 


Velewse 4 HYALURONIC ACID FOR FIXATION OF SKIN GRAFTS T47 
Number 


suturing. This tackiness increases gradually with the passage of time. Maxi- 
mum tackiness cannot be immediately achieved since the hyaluronic acid must 
be applied in the form of its water-soluble sodium or potassium salt. In a 
short time, equilibrium is established by the body fluids so that a portion of the 
potassium hyaluronate is converted to the insoluble free hyaluronic acid. At 
the same time, bonding to adjacent protein occurs. The use of acetic acid on 
the donor site or the dressings would hasten the maximum formation of free 
hyaluronic acid. 

We have not investigated the use of acetic acid in hyaluronic acid-fixed 
grafts because we feel that maximum early stickiness is not desirable as motion 
of the graft after contact would serve to rupture the bonding. The development 
of maximum protein bonding would only be of advantage when the graft is 
firmly anchored on the recipient site. It would seem that the use of sutures 
insures proper anchorage during the period of bonding. We are aware that 
others have advocated fibrin fixation so that sutures might be omitted. 


SUMMARY AND CONCLUSIONS 


The fixation of skin grafts by hyaluronic acid (interstitial cement substance) 
has been investigated in rats. The hyaluronic acid in the form of a 1 per cent 
solution of potassium hyaluronate in physiologic saline solution is applied to 
the donor skin. The graft is then sutured on the recipient site. Secondary 
skin changes in the group with hyaluronie acid-fixed grafts were minimal when 
compared with the control group. Explanations for the observed beneficial 


effects have been offered. 
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INVASIVE INFECTION DUE TO THE GENUS PSEUDOMONAS 
CHESTER W. Howe, M.D.,* Bosron, Mass. 


(From the Surgical Service, Massachusetts Memorial Hospitals, and the Department of 
Surgery, Boston University School of Medicine) 


OLYMICROBIAL infections in which the genus pseudomonas is one of the 

constituents of the flora are commonly encountered. Pseudomonas pyocyanea 
(Pseudomonas aeruginosa, Bacillus pyocyaneus) is found on the normal human 
skin, and occasionally in the stool. It is particularly prevalent in the air of 
surgical wards where there are patients with septic wounds. This organism is 
regarded as benign in nature because its usual role is that of a noninvasive, 
secondary contaminant in infected wounds. Occasionally, however, a virulent 
strain is responsible for severe invasive infection which may terminate fatally. 
Since Finkelstein’ (1896) first reported blood cultures positive for Ps. pyocyanea 
it has become established firmly that this organism may produce a septicemia. 
Stanley,” * in a recent and complete review of the literature on Ps. pyocyanea 
infections, mentioned a number of cases of severe soft tissue sepsis, several of 
which resulted in death. Those of special interest are cited below. 

Wasserman‘ described an epidemic of 11 cases of umbilical infection in 
newborn infants, all of which resulted in death. 

Kopetsky and Almour’ reported 5 eases in which erysipelas developed fol- 
lowing Ps. pyocyanea infection in a mastoid wound. The cellulitis involved the 
sealp, face, and neck. The authors pointed out that organisms other than the 
streptococcus have been reported as producing erysipelas and suggested Ps. 
pyocyanea as the etiological agent in their eases. 

Infection of the cornea with Ps. pyocyanea is particularly virulent and 
usually leads to panophthalmitis.* * 

Ps. pyocyanea is found in many eases of otitis externa, especially in the 
tropics during the rainy season, and rarely the inflammatory process proceeds 
to ‘‘boil’’? formation.’ An etiological factor of importance is that the presence 
of constantly moist macerated skin in the area of contact is conducive to 
infection. 

Bacteremia due to Ps. pyocyanea occurs most in patients suffering from 
chronic debilitating diseases. Stanley® * cited 5 eases of his own in which sepsis 
occurred as a terminal event in patients already ill with fatal diseases. Decubi- 
tus uleers may be the focus for the development of septicemia, and pneumonia, 
brain abscess, cholangitis, skin ulcerations, and endocarditis have been reported. 


Supported by grants from the Trustees under the wills of Charles A. King and Marjorie 
King, the Robert Dawson Evans Memorial and the Smithwick Foundation, Massachusetts 
Memorial Hospitals. 
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Although the majority of cases of meningitis caused by this organism are 
secondary to lumbar puncture and spinal anesthesia,? Stanley? * reported 28 
cases in which the disease appeared to be secondary to a primary focus. 

Until 1947 there were 8 known eases of pseudomonas arthritis and osteo- 
myelitis reported in the literature,?»* and recently Carnesale and Waisman’? 
reported a case of pyoarthrosis of the knee due to Ps. pyocyanea. 

It is apparent from the foregoing that the genus pseudomonas can at times 
develop invasive qualities of a serious nature. It is the purpose of this paper 
to discuss the treatment of these infections based on studies of the drug-suscepti- 
bility of Ps. pyocyanea isolated from patients at the Massachusetts Memorial 
Hospitals and to report an unusual case of invasive, undermining infection of 
the leg due to an atypical strain of pseudomonas. 

During the course of a recent study on the drug susceptibility of bacteria," 
serial dilution sensitivity tests were done on 10 strains of Ps. pyocyanea. The 
antibacterial agents tested were streptomycin, bacitracin, aureomycin, Chloromy- 
cetin (chloramphenicol), aerosporin (polymyxin B), urethane (ethyl carbamate) 
and Sulfamylon (marfanil, homosulfanilamide). These data are presented here 
because they are illustrative of the susceptibility of this organism and afford the 
opportunity to compare the sensitivity of the same 10 strains of Ps. pyocyanea 
to a number of different antibacterial agents. Table I is a classification of 
these strains as to their in vitro ‘‘sensitivity’’ or ‘‘resistanee.’’ When an organ- 
ism is found to be sensitive to an antibacterial agent a favorable response to its 
clinical use is likely, while treatment with an agent to which an organism is 
resistant would result in clinical failure. A drug to which an organism is 
moderately resistant is considered worthy of trial if a more potent agent is not 
available. Table II gives the concentrations of each drug necessary to cause 
complete inhibition of bacterial growth by the serial dilution technique as set 
up in the penicillin assay method described by Rammelkamp.”” 


TABLE I. CLASSIFICATION OF TEN STRAINS OF PSEUDOMONAS PYOCYANEA AS TO THEIR 
In Vitro ‘‘SENSITIVITY’’ OR ‘‘ RESISTANCE’? ON THE BASIS OF THE SERIAL 
DILUTION DRUG-SUSCEPTIBILITY TEST 


Streptomycin M R 8 R Ss R R R § R 
Bacitracin R R R R R R R R R R 
Chloromycetin R ones R R R R 


Key: “S’” signifies ‘“‘sensitivity’’ and indicates the likelihood of a favorable clinical re- 
sponse to the use of the antibacterial agent. ‘“‘R’” stands for ‘resistance’ and indicates probable 
clinical failure. ‘‘M’’ means moderate resistance of the organism, but worthy of clinical trial. 
~~ means not tested. See Table II for actual sensitivity concentrations. 


It is our practice to use the filter paper disc method for routine sensitivity 
testing because it is preferable for determining the drug susceptibility of mixed 
or polymicrobial cultures.'* The serial dilution technique is frequently used 
for determining the sensitivity of single strains of bacteria. The results of 
sensitivity tests depend not only upon variations in the methods used but also 
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TABLE II. IN ViTRO SENSITIVITY TO VARIOUS ANTIBACTERIAL AGENTS OF TEN STRAINS OF 
PSEUDOMONAS PYOCYANEA 


STRAIN NUMBER 1 2 3 4 5 6 7 8 9 10 

Streptomycin 25-50 10 250 5 5,000 1,000 1,000 15 1,000 
(units per ml.) 

Bacitracin 50 10 10 250 250 250 500 500 500 
(units per ml.) 

Aureomycin 50 50 50 5 10 
(ug. per ml.) 

Chloromycetin 50 50 50 12 50 
(ug. per ml.) 

Polymyxin ‘‘B’’ os .. | aa on = 0.3 0.3 0.3 0.7 
(ug. per ml.) 

Urethane 25 25 25 2.5 2.5 2.5 2.5 2.5 5.0 2.5 
(per cent) 

Sulfamylon 15 15 30 70 15 7 1,250 15 300 300 


(mg. per cent) 


Sensitivities were done by the serial tube dilution technique. The numbers indicate the 
concentrations of each antibacterial agent necessary to cause complete inhibition of bacterial 
growth. --_ indicates that the strain was not tested. 


upon such factors as the type and nutritive value of the culture medium, the 
salt concentration, the test organism, the hydrogen ion concentration, the size 
of the inoculum being tested, and the time of ineubation..* Until uniform 
methods of sensitivity testing become universal it is necessary for each labora- 
tory to modify the criteria for ‘‘sensitivity’’ or ‘‘resistanee’’ according to the 
method adopted and clinical experience. 

The relative merits of the drugs listed in Tables I and II in the treatment 
of pseudomonas infections and the concentrations in vitro to which we have 
considered bacteria ‘‘sensitive’’ to them in the sense that one can predict their 
clinical effectiveness are discussed below. 

Streptomycin.—In analyzing 150 gram-negative organisms, 70 per cent of 
the strains of pseudomonas tested by Carroll and associates’® were streptomycin 
resistant. 

The sensitivity of Ps. pyocyanea to streptomycin has been reported to 
range from 2 to 200 ug. (units) per milliliter of culture, the most frequent range 
being between 8 and 50 pg. (units) per milliliter..* Serum concentrations of 
25 to 50 wg. per milliliter are obtainable in one hour after the intramuscular 
administration of 1 Gm. (1,000,000 units) of streptomycin in man.'® It has 
been our experience that infections with organisms sensitive to 15 ug. (units) 
per milliliter by the serial dilution technique will respond favorably to the 
systemic administration of streptomycin. Levels between 15 and 25 pg. (units) 
per milliliter are considered moderately resistant but indicative of a clinical 
trial, while sensitivities over 25 wg. (units) per milliliter signify resistance to 
therapy. 

The main drawbacks to the use of streptomycin for the treatment of infee- 
tions due to the pseudomonas are the frequency with which resistant strains are 
encountered and the rapidity of the development of resistance by organisms that 
are sensitive at the beginning of treatment. It ean be seen from Tables I and II 
that of the 10 strains of Ps. pyocyanea tested, 6 were resistant, 3 were sensitive. 
and 1 was moderately resistant. Keefer and Hewitt!’ reported recovery in 
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9 of 19 patients with Ps. pyocyanea bacteremia after streptomycin therapy. 
They stressed the prevalence of resistant strains and advised a dosage of 3 Gm. 
daily for 10 to 14 days. Weinstein and Perrin® recently reported 3 patients with 
primary meningitis due to this organism who were successfully treated with 
streptomycin and sulfadiazine or sulfamerazine. Carnesale and Waisman’® 
attributed the successful outcome of their case of pyoarthrosis of the knee to 
the parenteral and local use of streptomycin. All evidence points to the fact 
that streptomycin, either systemically or locally administered, is a useful drug 
in the treatment of infections due to sensitive strains of Ps. pyocyanea. 

Bacitracin.—Bacitracin is not recommended for the treatment of pseu- 
domonas infections because almost all strains of this organism are highly re- 
sistant to it. Bacitracin sensitivity tests were included in this study because 
it was desired to correlate the paper dise and serial dilution methods of testing 
in the higher ranges of resistance.'"1  Meleney'® found that most strains of 
staphylococcus are susceptible to 0.5 unit per milliliter of bacitracin by the 
serial dilution technique. Table II shows that none of the 10 strains of Ps. 
pyocyanea fell within this range. 

Aureomycin.—Pseudomonas appears to be one of the most resistant to 
aureomycin of all the significant gram-negative pathogens.’® This antibiotic 
can be administered orally, parenterally, or topically as a 3 per cent ointment. 
The in vitro sensitivity of Ps. pyocyanea to aureomycin has been reported to 
range from 0.0125 to 200 ug. per milliliter, over one-half the strains requiring 
more than 50 yg. to cause inhibition of growth.’ ?° 

Serum concentrations of aureomycin have been reported to range from 2 to 
20 wg. per milliliter after oral dosages from 750 mg. to 2 Gm. every 6 hours. 
The average serum content 6 hours after the last dose appears to be approxi- 
mately 2 to 4 wg. per milliliter.?*> 2? 

Rutenburg and Schweinburg”® considered a strain ‘‘sensitive’’ if its growth 
is completely inhibited by a concentration of less than 50 pg. of aureomyein per 
milliliter ef culture. The preliminary experience of Keefer and Hewitt?* at 
this hospital indicates that infections caused by organisms sensitive to 10 pg. 
or less per milliliter of aureomycin are likely to respond favorably to its use. 
Most of the successfully treated cases, however, were due to organisms whose 
sensitivities were in the vicinity of 3 pg. per milliliter. On the basis of this 
experience we have considered that organisms with sensitivity levels above 10 
ug. of aureomyein per milliliter are resistant. Tables I and IT show that 2 out 
of 5 of our strains of Ps. pyocyanea were ‘‘sensitive’’ according to these criteria. 

Chloromycetin (Chloramphenicol).—Altemeier and Giuseffi?* stated that 
approximately one-half of their strains of Ps. pyocyanea were resistant to 
Chloromyeetin. Hewitt and Williams®® found that 23 out of 27 strains of 
pseudomonas required 10 to 50 gamma (pg.) per milliliter for inhibition of 
growth in vitro. 

Blood levels varying from less than 10 to 80 gamma (yg.) have been re- 
ported after oral administration of the drug, and 81 per cent of patients show 
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levels over 10 gamma (yg.) per milliliter 4 hours after a dose of 1 Gm.?> ?° 
Despite these statistics, treatment of pseudomonas infections with Chloromycetin 
has been unsatisfactory. 

We have used the same criteria of ‘‘sensitivity’’ for Chloromycetin as for 
aureomycin, considering that organisms requiring over 10 ng. per milliliter for 
inhibition of growth are ‘‘resistant.’’ Organisms causing most infections that 
respond favorably are killed by a concentration of around 3 yg. per milliliter. 
Tables I and IT show that none of the strains tested fell within this range. 

In treating urinary tract infections due wholly or in part to the pseu- 
domonas, Hewitt and Williams?’ reported 6 good results and 11 poor results out 
of 17 cases and stated that ‘‘Consistent with the resistance of Ps. aeruginosa 
in vitro, treatment of these infections has been almost uniformly unsuecessful.’’ 


Aerosporin (Polymyxin B).—The most important action of the polymyxins 
is against the pseudomonas. The systemic use of polymyxin has been somewhat 
limited because of reports of renal damage and neurotoxicity. Neurotoxie symp- 
toms (paresthesias and hypesthesia) occur in almost every instance regardless 
of the dosage but disappear within 24 hours after cessation of therapy.** One 
must remember that these effects have been inconstant and transitory and that 
no permanant injury has been reported resulting from the use of polymyxin 
in man.** In certain infections refractory to other antibacterial agents where 
the danger of the disease outweighs those of temporary renal damage the 
parenteral use of polymyxin is warranted and may be lifesaving. This is im- 
portant in pseudomonas infections because the organism is particularly sensitive 
to polymyxin B. It ean be used orally as an intestinal antiseptic because it is 
not absorbed to an appreciable extent from the gastrointestinal tract and it sup- 
presses coliform organisms in 24 to 72 hours.** 

An analysis of the data reported by Pulaski and Rosenberg?’ shows that 
in all of the 11 eases of urinary infection in which a pseudomonas was a consti- 
tuent of the flora and which received benefit from polymyxin therapy, the cul- 
ture sensitivity was 3.1 wg. per milliliter or less. 

A therapeutically effective blood level of polymyxin is present within 30 
minutes after intramuscular injection. After a divided daily intramuscular 
dose of 2 to 4 mg. per kilogram of body weight is given the blood serum con- 
centration is 1 to 8 wg. per milliliter.27 Schoenbach and associates”? reported 
levels of 2.5 to 5.0 ug. per milliliter after continuous treatment with 3 mg. per 
kilogram of body weight per day. 

Since the experience with polymyxin in this elinie is small and the thera- 
peutie results have not been correlated with sensitivity levels we have formulated 
no eriteria as to a critical sensitivity level. The strains of pseudomonas tested 
for polymyxin as represented in Tables I and IT were not treated with this 
drug but would all appear to be ‘‘sensitive’’ according to the previously men- 
tioned data as to blood levels and in vitro drug susceptibility tests. 

Pulaski and Rosenberg?’ reported sterilization of several Ps. pyocyanea- 
infected wounds by the topical application of 1 per cent polymyxin in saline 
solution or earbowax base. Schoenbach and associates”® reported a case of Ps. 
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pyocyanea infection in a burn and a ease of exfoliative dermatitis which became 
infected with this organism, both of which responded favorably to polymyxin 
treatment. Unlike streptomycin, polymyxin does not produce drug-fast bacteria. 


Urethane (Ethyl Carbamate)—Urethane has been shown by Weinstein 
and MeDonald** ** to be bacteriostatic and bactericidal for gram-negative bac- 
teria. The use of this drug as a specific antibacterial agent against certain. 
gram-negative organisms has been previously reported from this c¢linic.*” ** 
Moist dressings of 10 per cent urethane alone or in combination with an ap- 
propriate antibiotic keep wounds bright and clean despite constant contamina- 
tion. We have found it particularly useful as an adjunct to immediate drainage 
and débridement in the treatment of infected wounds. In 15 severe mixed 
infections containing Ps. pyocyanea this organism was eradicated from the 
wound in 11 eases, usually within 48 to 72 hours after the onset of topical 
urethane therapy.*? The 4 failures had a constant source of re-contamination, 
inadequate débridement, or poor drainage. Urethane leaves wounds particularly 
bright and clean. Twelve out of the 39 patients receiving topical urethane 
therapy reported by Howe and Weinstein* suffered a moderate degree of nausea 
or vomiting, and in these patients the wounds were relatively large. It was our 
impression that symptoms occurred more frequently when large surface areas of 
surrounding skin were kept constantly moist with urethane solution. One pa- 
tient who had severe and extensive pyoderma and was treated over the trunk 
and thorax with 10 per cent urethane suffered severe nausea and vomiting. This 
suggested that the drug is absorbed through wounds and normal skin, and sub- 
sequent studies by Schaffer, LeBaron, and Walker** have borne out this theory. 
These authors described a colorimetric method for the determination of urethane 
in blood and have demonstrated levels of 3.1 and 5.6 mg. per cent in 2 of our 
patients after 4 and 8 days of topical urethane treatment, respectively. The 
correlation between blood levels and ‘‘sensitivity’’ tests has not been attempted 
because we have used it solely as a topical agent. This drug is useful in gram- 
negative infections and is particularly effective against Ps. pyocyanea and Pro- 
teus vulgaris. It must be used with caution because of its ability to be absorbed 
and cause leukopenia. Although we have used urethane in the treatment of 
over 100 surgical infections without this complication, agranulocytosis resulting 
in death has been reported after using urethane over large burned areas in a 19- 
month-old baby.*® *° Urethane should not be applied topically in contact with 
the peritoneum or pleura and its use should be limited to small areas and con- 
trolled by daily white blood counts. Treatment should be omitted if the count 
falls below 5,000 per ecubie millimeter. After adopting the practice of covering 
the normal skin up to the wound edge with petrolatum gauze to help prevent 
absorption, no other instances of nausea and vomiting have occurred. Chemical 
and hematologic observations after topical urethane therapy in 67 patients*® 
failed to reveal evidence of toxie effects. Doses of urethane simulating those 
used in man are not productive of toxic parenchymal changes in the organs of 
guinea pigs subjected to prolonged daily subcutaneous injections.** 
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In doing serial tube dilution tests on over 75 strains of bacteria we have 
found that the ‘‘sensitive’’ gram-negative bacteria usually require a concentra- 
tion of 2.5 per cent urethane for inhibition of growth. The in vitro sensitivity 
of 1.25 per cent obtained in the case reported below was the lowest ever obtained. 
In vitro testing of urethane has not revealed the finer gradations of suscepti- 
bility levels usually obtained with other drugs and in this sense the tests are 
not as accurate in indicating clinical effectiveness. Resistant gram-positive and 
occasional gram-negative organisms have required concentrations of 5 per cent 
or more for inhibition of growth. 

Sulfamylon (Marfanil, Mesudin, Homosulfanilamide).—Sulfamylon is 4- 
amino-methylbenzenesulfonamide. It was first studied in England and dis- 
carded because of its low activity against streptococci in mice.** It was used 
by the Germans in World War II as a powder for local application and in tablets 
with equal parts of sulfanilamide. It differs from other sulfonamides in having 
the amino group separated from the benzene ring by a methyl group; con- 
sequently the usual method of Bratton and Marshall for determining sulfona- 
mides is not applicable to it. Sulfamylon is particularly vaiuable for topical 
therapy because it is not inhibited by pus or blood and is not antagonized by 
para-aminobenzoie acid, characteristics which are true of other sulfonamides. 
It has a wide range of antibacterial activity against both gram-positive and 
gram-negative organisms and is particularly effective against the anaerobes. 
Sulfamylon-resistant strains of bacteria are not resistant to sulfathiazole and 
the converse is true.** Since the reports of Howes*®: *° on the use of a mixture 
of streptomycin and Sulfamylon as a topical antibacterial agent we have used 
this combination extensively in the prophylaxis and treatment of wound infee- 
In a recent report! attention was called to the marked susceptibility 
of various bacteria to this drug. <A solution of 5 per cent Sulfamylon contain- 
ing 200 units per milliliter of streptomycin prevented infection in crushed 
wounds in rabbits if injected immediately after inflicting trauma.*® Howes*’ 
reported 30 clean, contaminated, sutured wounds which were washed with this 
solution and healed per primam. His data indicate that Sulfamylon is effective 
against Ps. pyocyanea. Clark*? reported favorably on the topical use of this 
drug in arresting a series of Ps. pyocyanea infections resulting from secondary 
contamination of surgical dressings. In reporting on the topical use of Sulfa- 
mylon in 3 infections of the nose and middle ear Fox** mentioned reduced for- 
mation of ‘‘green pus’’ in 2 eases and eradication of the infection after per- 
sistant treatment in one. 

Due to lack of a satisfactory method of determination of Sulfamylon in the 
blood, most reports have been concerned with its topical use. Although Heid- 
man and Rutledge** described a spectroscopic method for its determination in 
body fluids and serum, no data have appeared in the literature regarding blood 
levels or in vitro sensitivity and information regarding the systemic use of 
Sulfamylon is seant.*® 

Various substances in the usual culture media are known to inhibit the 
action of the sulfonamides.** 47 This fact has prevented the clinical use of 
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susceptibility tests for these drugs. Because of the presence of the methylene 
group in its molecule the antibacterial activity of Sulfamylon is not inhibited 
by para-aminobenzoic acid. The results of testing the action of this drug against 
over 50 strains of bacteria’! suggest that the media did not contain substances 
inhibitory to Sulfamylon because of the consistently low sensitivity levels ob- 
tained. Schweinburg and Rutenburg*’ have described a serial dilution tech- 
nique for determination of the relative sensitivity of bacteria to different sul- 
fonamides. Their method is based on the assumption that the inhibitors con- 
tained in the broth do not effect the relative potency of the sulfonamides even 
if they do lower the absolute potency. They consider strains killed by a econ- 
centration of 250 mg. per cent as ‘‘sensitive,’’ those requiring 500 mg. per cent 
as questionable and those requiring 750 mg. per cent or higher as ‘‘resistant.’’ 

Table II shows the Sulfamylon sensitivities of 10 strains of Ps. pyocyanea. 
According to the criteria of Schweinburg and Rutenburg all strains are ‘‘sensi- 
tive’’ except strain 6, which is resistant, and strains 9 and 10, which are 
moderately resistant. The marked in vitro susceptibility of the other strains 
suggests a lack of inhibitory substances in the media for this drug and indicates 
probable clinical effectiveness. It has been our experience that Sulfamylon has 
been effective in eradicating Ps. pyocyanea from infected wounds, with few 
exceptions. 

Other Substances.—Acetie acid in a 1 or 2 per cent concentration has been 
used for many years in the topical treatment of wounds infected with Ps. 
pyocyanea. It has been our experience that although this drug is of benefit, 
the organism recurs promptly as soon as treatment is stopped. We have carried 
out no drug susceptibility tests on this agent. Gough and associates** have re- 
ported good results using a 2.2 per cent aqueous solution of Phenoxetol (8 
phenoxy ethyl aleohol) to eradicate Ps. pyocyanea from wounds. We have had 
no experience with this drug. 


CASE REPORT 


P. C. (M. M. H. 339,182), a 63-year-old white man, a dentist, entered the Massachusetts 
Memorial Hospitals on Aug. 30, 1949, because of an ulcer on the right leg of 4 months’ 
duration. He had been well until 15 years before entry, when he first noted intermittent 
claudication. Four months before entry, following a trivial injury to the anterior aspect of 
the right lower leg, he noted a small ulcer which progressed in size with undermining of the 
skin edges. This was unsuccessfully treated with potassium permanganate solution (1:1,000). 
During the 2 months before entry the patient had 3 hospital admissions. Treatment during 
hospitalization consisted of bed rest, incision and drainage of the infected area, and systemic 
penicillin therapy. The ulcer was treated topically with bacitracin ointment, tyrothrycin, 
activated zine peroxide, Furacin, boric acid, and saline soaks, but despite these measures the 
lesion persisted. 

Physical examination revealed a well-developed and well-nourished man. The heart was 
not enlarged. The lungs were clear. The abdomen was normal. Rectal examination was 
negative. Examination of the lower extremities showed diminished pulsations in all arteries 
below the femorals except the dorsalis pedis and posterior tibial arteries on the right and the 
posterior tibial artery on the left, which were not palpable. After blanching of the right 
leg by elevation the flushing time on dependency was 20 seconds. The venous filling time was 
24 seconds. On the anterolateral aspect of the leg just above the external malleolus was a 
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Fig. 2. 


Fig. 3. 


Fig. 1.—-Infected ulcer of the leg due to an atypical pseudomonas organism. A sterile 
probe could be inserted beneath the skin in all directions to demonstrate undermining de- 
lineated by the extent of the surrounding erythema. 

Fig. 2.—Partial epithelization following topical treatment with urethane-penicillin mixture, 
débridement, and skin grafting. 


Fig. 3.—Complete epithelization of ulcer area at the time of discharge from the hospital. 
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ragged, irregular ulcer with sloughing necrotic margins and a brownish purulent discharge 
(Fig. 1). It measured 7 em. by 3 em. in its greatest diameters. Surrounding the ulcer in 
its more dependent portions was a zone of erythema and induration extending from 1 to 5 
em. from its borders. A sterile probe could be inserted beneath the skin in all directions to 
demonstrate undermining delineated by the extent of the erythema. There was no lymph- 
adenopathy. 

The temperature was 98.6° F., the pulse was 82, and the respirations 20. The blood 
pressure was 160/100. 

The hemoglobin was 14.7 Gm. per 100 ¢.c. and the hematocrit was 46.5 per cent. The 
white cell count was 10,750 with a normal differential. The urine was normal. The non- 
protein nitrogen was 27 mg. per 100 ml. The total plasma protein was 5.5 Gm. per 100 ml. 
and the fasting blood sugar was 120 mg. per 100 ml. The Hinton test was negative. A small 
piece of tissue was taken from the advancing margin of the ulcer and cultures revealed many 
atypical colonies of the genus pseudomonas which could not be classified as to type-species, 
a few colonies of nonhemolytic Staphylococcus awreus, and a few colonies of diphtheroid 
bacilli. Anaerobic cultures planted in chopped meat broth revealed no additional bacteria. 

Roentgenograms of the right leg and ankle showed periosteal thickening over the shaft 
of the tibia and very slight periosteal elevation. There was no evidence of osteomyelitis. 
Roentgenograms of the abdomen and heart were negative except for sclerosis of the internal 
iliac arteries, hypertrophy of the left ventricle, and functional widening of the aorta. 

An electrocardiograph showed right bundle branch block. 

Skin temperature studies after one hour with the room at 68° F. showed the tempera- 
ture at the tip of the right great toe to be 74° F. and of the left great toe to be 75° F. The 
corresponding temperatures after one hour with the room at 83° F. were 88 and 92.5° F. 
respectively. 

Daily doses of 3 ¢.c. of Priscoline hydrochloride and 300,000 units of procaine penicillin 
intramuscularly and 300 mg. of cevitamic acid orally were given. A solution of 5 per cent 
Sulfamylon containing 200 units of streptomycin per milliliter was instilled into an occlusive 
watertight dressing through sterile catheters every 3 hours in amounts sufficient to keep the 
site of the ulcer constantly soaked. 

Three days later, on September 2, débridement of the ulcer was performed, leaving bare 
tendon exposed over one small area. Pin-point skin grafts were placed. Cultures of the 
débrided tissue revealed only many colonies of atypical pseudomonas. Because of the failure 
of the treatment and because the undermining character of the lesion suggested a Meleney’s 
undermining ulcer, daily dressings of activated zine peroxide were substituted for the strep- 
tomycin-Sulfamylon mixture and a dilute solution of this material was injected into the 
catheters every 3 hours. Despite this treatment the ulcer continued to enlarge. Although 
the skin grafts remained viable and healthy the undermining process at the margins of the 
ulcer continued to advance at the rate of about 2 or 3 mm. a day. Repeated aerobic and 
anaerobic studies yielded pure cultures of the same atypical pseudomonas.* Serial dilution 
sensitivity tests were set up for this organism against various antibacterial agents. The 
bactericidal concentrations required were urethane, 1.25 per cent; aureomycin, 25 mg. per 
milliliter; Chloromycetin (chloramphenicol), 12 mg. per milliliter; polymyxin B, 1.5 ug. 
per milliliter; bacitracin, 250 units per milliliter; Sulfamylon, 7 wg. per milliliter; and 
streptomycin, over 500 units per milliliter. 

On September 7 local medication was changed to a 10 per cent aquenous solution of 
urethane containing 1,000 units of penicillin per milliliter administered via catheters into a 
waterproof occlusive dressing every 3 hours. Directly following this change in medication 
there was a marked improvement in the appearance of the ulcer with cessation of under- 
mining and advancement. On September 12 the ulcer was again débrided to remove the 
undermined area that had developed before institution of urethane-penicillin therapy. Addi- 


*The author wishes to express appreciation to Dr. F. L. Meleney, who also studied cultures 
from this lesion and found a pseudomonas which could not be further classified. 
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tional grafts were placed to cover all areas except the bared tendon. On September 22 the 
sloughing tendon was removed and the underlying granulating area grafted. During this 
period urethane-penicillin medication was continued and kept the wound bright and clean. 
About 90 per cent of the grafts remained viable and epithelium gradually spread over the 
ulcer (Fig. 2). Because of the slow progress of epithelization a right lumbar sympathectomy 
(first through third lumbar ganglia) was done on October 7. At this time a small, per- 
sistently undermined area was excised and grafted. Skin temperature readings following 
this procedure were 83° F. in the cool room (68° F.) and 90° F. in the warm room (83° F.). 
Following sympathectomy healing progressed at a normal rate until epithelization was com- 
plete (Fig. 3). The last culture taken on October 10 was positive for pseudomonas. Local 
medication was discontinued on October 28. 

Repeated blood studies during the course of the urethane therapy were normal and the 
white cell count never fell below 5,000. 

Microscopie sections of the excised tissue revealed very little fibroplasia or capillariza- 
tion and there was no evidence of malignancy. 

The patient was discharged on Nov. 11, 1949, and the leg has remained healed until last 
seen on Sept. 21, 1950. 

Repeated cultures taken from the granulating surface of the ulcer before epithelization 
revealed the same pseudomonas organism in pure culture. On blood agar plates it grew in 
gray, flat, rough, irregular, nonhemolytie colonies while on eosin-methylene blue plates it 
produced small pale colonies. Blood broth yielded slender, gram-negative bacilli. Biochemical 
reactions were as follows: acid, no gas in glucose (10 days); indole was not formed; the 
Voges-Proskauer and methyl-red tests were negative; growth on Simmons citrate was present ; 
gelatin was not liquified and hydrogen sulfide was not produced. The organism formed no 


pigment. 
DISCUSSION 


Ps. pyocyanea is noted for the difficulty with which it is eradicated from 
infected wounds and its persistence despite antibiotic therapy. There is con- 
siderable variation in the drug susceptibility of different strains of this organism 
and the ease with which it develops resistance to streptomycin is well known. 
In most infections an appropriate antibacterial agent can be chosen on the basis 
of good bacteriologie data. In the more serious infections the choice of drugs 
and the subsequent conduct of the case should be based on sensitivity testing of 
the responsible organism. The selection of an antibacterial agent without such 
guidance is likely to be untrustworthy, as illustrated by the case reported here. 
In most instances the cost of doing the sensitivity test is more than offset by 
reduction in expense resulting from the elimination of several days of unsuccess- 
ful therapy with expensive antibiotics and extra hospitalization. It is not to be 
implied that by doing a simple test one can always select the correct drug for a 
given infection. It is often necessary to set up a series of such tests for several 
drugs and to repeat them at intervals. The choice of treatment and drugs to 
be tested is also guided by the anatomic location of the lesion, the possibility of 
an allergic reaction to certain agents, and whether the drug is to be administered 
systemically or topically. The degree of success or failure of previously ad- 
ministered antibiotics and a consideration of the pharmacologic aspects of the 
drug in question in relation to the infection being treated are especially 
important. 
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Occasionally the results of the in vitro test on a drug do not coincide with 
its clinical effectiveness. At such times a detailed analysis of the previously 
mentioned factors is necessary to determine whether further treatment is useless 
and what change is indicated. In the ease reported here, drug sensitivity tests 
were not done at the onset of treatment because of the absence of the technician 
trained in these procedures. Therefore Sulfamylon-streptomycin mixture and 
later activated zine peroxide were selected empirically and tried without success. 
Later, drug susceptibility tests showed that the organism was sensitive to both 
Sulfamylon and urethane. In view of the previous failure of Sulfamylon 
against this strain of pseudomonas, urethane was selected and it proved success- 
ful. The penicillin in the mixture is believed to have contributed nothing to 
this success but was added to the solution simply as a prophylactic against 
secondary contamination of the wound with gram-positive organisms during 
dressings. The most logical explanation of the failure of Sulfamylon, despite 
the fact the drug susceptibility test showed the organism to be ‘‘sensitive’’ in 
this case, is that many of the bacteria were within the tissues or were no longer 
extracellular so that the Sulfamylon failed to contact them. Wright*® °° and 
Flemming*! showed that ingestion by phagocytes does not always destroy bac- 
teria. Howes*® stated that with the failure of an antibacterial substance to pene- 
trate to the organism within the leucocyte, the cell may subsequently die and 
liberate the unharmed bacteria to reecontaminate the wound. The fact that 
urethane is absorbed through tissue to a considerable extent may account for 
its suecess in this case and suggests the possibility that it may be able to pene- 
trate the bacteria-laden leucocyte. 

Treatment with urethane in this case served to stop the destruction of 
tissue and arrest the invasiveness of the responsible organism. This beneficial 
effect was not accompanied by sterilization of the wound because the pseu- 
domonas could be recovered from unepithelized areas long after the healing 
process was well under way. It has been repeatedly shown** *? that the object 
in the treatment of infected wounds is closure and not sterilization. Decision to 
close a wound is based solely on its gross appearance and not on an appraisal 
of its bacteriologic flora. Healing after closure cannot, however, be accom- 
plished in the presence of invasive infection or necrotic tissue. Urethane served 
to convert the offending organism from a virulent invader to a simple con- 
taminant in this ease. It has been shown that Staph. aureus, although only 
slightly susceptible to urethane, may be changed from coagulase positive to 
coagulase negative and become less actively hemolytic during treatment with 
this drug.*? 

SUMMARY AND CONCLUSIONS 


Despite the use of various new available antibiotics which encompass a wide 
range of antibacterial activity, the genus pseudomonas remains relatively re- 
sistant to most of them. Although commonly regarded as a benign contaminant, 
this organism is capable of causing severe invasive infection which may result 
in septicemia and death. For this reason every effort should be made to eradi- 
cate the pseudomonas from infected wounds. 
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Approximately 25 to 30 per cent of strains of Ps. pyocyanea are strepto- 
mycin-sensitive but use of this antibiotic is handicapped by the rapid develop- 
ment of resistance during treatment. 

The majority of infections due to Ps. pyocyanea are resistant to aureomycin 
and Chloromyeetin (chloramphenicol) but these antibiotics are of value against 
occasional sensitive strains. 

Aerosporin (polymyxin B) is the most potent available antibiotic against 
the pseudomonas. Parenteral use of this drug has been limited because of its 
neurotoxicity and nephrotoxicity. These effects have been inconstant and transi- 
tory. In certain severe infections the parenteral use of polymyxin may be life- 
saving. It ean be used orally or topically without fear of toxicity. 

The eradication of the pseudomonas from infected wounds is best accom- 
plished by surgical débridement and meticulous topical therapy with appropri- 
ate antibacterial substances. Although the previously mentioned antibiotics 
may be used for this purpose, 10 per cent urethane (ethyl carbamate) and 5 per 
eent Sulfamylon (marfanil, homosulfanilamide) are particularly effective. 
Urethane is especially indicated in invasive infection because of its ability to 
penetrate tissue. If absorbed in sufficient quantities it can cause leucopenia and 
therefore should not be used over large surfaces or in contact with the pleura or 
peritoneum. Treatment should be controlled by daily blood studies. 

The sensitivity levels of 10 strains of Ps. pyocyanea to various antibacterial 
substances have been presented and discussed in relation to current information 
regarding the blood levels that are attainable after administration of these 


agents. 

A ease of invasive infection of the leg due to a pseudomonas successfully 
treated with surgical débridement and topical 10 per cent urethane solution has 
been described. 
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AUREOMYCIN AS AN ADJUNCT IN THE TREATMENT OF 
MAJOR BURNS 


Louis T. WricHt, M.D., JosepH A. TAMERIN, M.D., I. Merzeer, Pu.D., 
AND ARTHUR L. GARNES, M.D., NEw York, N. Y. 
(From the Surgical Service of the Harlem Hospital, Department of Hospitals, New York City) 


UREOMYCIN has proved effective in the past against a wide variety of 
pathogenic microorganisms and, therefore, should be a valuable aid in the 
management of major burns. In the extensively burned patient requiring pro- 
longed chemotherapy, the advantages of oral medication over injectable medica- 
tion are obvious. In the present study, aureomycin has been used both orally 
and locally in an effort to assay its value as an adjunct in the treatment of 
major burns. 

The general management of major burns is directed at the treatment of 
burn shock and prevention of infection. Simultaneous efforts should be made 
in all instances to carry out these two objectives. Immediately upon admission 
of the patient to the hospital, the burned area is covered over with a sterile 
dressing to prevent air contamination and all workers are masked to obviate any 
droplet infection; then strict asepsis should be maintained throughout. 

Shock is treated by: (1) blood transfusion, injections of plasma, or normal 
saline infusions; (2) morphia, administered for the relief of pain; and (3) 
warmth and splinting of the part, if necessary. As soon as the initial shock is 
overcome and further shock has been prevented, laboratory studies will deter- 
mine the type and quantity of fluids to be administered parenterally or orally 
in order to restore the normal volume of circulating fluid, blood cells, electro- 
lytes, and plasma proteins. Hemoconecentration should be looked for early and 
corrected. Cope and Moore! and Brown and Dziob? have stressed the fact that 
these factors are essential in the primary handling of severe burns. Anemia due 
to thermal burns should be prevented early by blood replacement, as pointed out 
hy Moore and co-workers,’ and this is determined by the constant and frequent 
measurement of red cell volume. Hypoproteinemia and avitaminosis should be 
taken care of at the same time. 

For the prevention of further infection, the general procedure has been to 
place each patient under study upon oral aureomycin, 500 mg. twice daily, 
immediately upon admission to the hospital. No invasive infections have 
occurred in any patient thus treated. At the same time the extent of the burn 
is traced on a burn chart, using the Lund and Brower‘ chart of surface area 
estimation. The depth of the burn is determined by sensitivity to pin prick. 
This method is an accurate guide as to the presence of full-thickness destruction 
of the skin. If this analysis is done carefully upon admission, both the need 

The Aureomycin used was snemes by the Lederle Laboratories Division, American Cyana- 


mid Company, Pearl River, N. 
Aided by a grant from the Harlem Hospital Surgical Research Fund, Inc. 
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and the plan for skin restoration can be predetermined. Faulty prognosis of 
the seriousness of a burn can and should be avoided. 

In the local management of the burn wound, aseptic technique has been 
vigorously maintained, both from the standpoint of the patient and the operat- 
ing room personnel. In the operating room, preliminary cleansing of the burn 
area is done with pHisoderm. Débridement is limited and blisters are not 
drained. The burn wound is then treated by the closed method, using a finely 
meshed petrolatum bandage over the wound on top of which is placed a bulky 
dry dressing. In burns of the extremities, moderate pressure is used, whereas 
in burns of the face and trunk, pressure is ineffective. Moreover, a pressure 
dressing may be harmful by interfering with respiration. 

The external dressing is completed with sterile stockinet. The stockinet is 
cut on the bias, made into 3 or 4 ineh rolls, and then autoclaved. This gives an 
elastic bandage producing an extremely effective pressure dressing. 

In the case of hand burns, the hand is placed upon a universal hand splint. 
A satisfactory facsimile of the Allen and Mason® aluminum splint has been made 
from plaster of Paris bandage. In lower extremity burns, immobilization of the 
foot and knee is obtained by means of a posterior molded plaster of Paris splint. 
As emphasized by Wallace,® prolonged elevation of extremity burns has proved 
of extreme value in limiting postburn edema. Plaster stirrups have been in- 
corporated into the dressing so that elevation within a Balkan frame is possible. 
However, the patient’s cooperation is essential. 

The initial dressing is not changed during the first week, even though more 
frequent wet dressings may help to reduce the bacterial count. It is felt that 
the disadvantages to the patient more than offset this one advantage. The 
second dressing is done one week after the first and may well be performed under 
anesthesia, as may all others, if the original examination has revealed full- 
thickness destruction. 

A previous report has discussed our experiences with the excision and skin 
grafting of full-thickness burns.’ The excision of the burn slough and edge-to- 
edge skin grafting of the defect has been found particularly applicable in burns 
of the extremities where a tourniquet can be applied to limit blood loss and 
where the need for complete resurfacing with minimal scar to prevent contrac- 
tures is evident. Preliminary drainage of the extremity is attained by elevation. 
On the trunk, the surgical excision may be attended by a considerable loss of 
blood and operative shock. Adequate blood replacement through one or more 
portals, with pressure if necessary, is essential. 

In lower extremity burns, the excision is usually extended as deep as the 
zone of reactive hyperemia, often to the level of the fascia. Usually, after the 
release of the tourniquet, hemostasis is easily effected with fine catgut. In upper 
extremity burns, however, particularly in the dorsum of the hand where the 
panniculus of fat is thin, the depth of excision is limited. Considerable bleed- 
ing may follow the release of the blood pressure tourniquet, requiring much 
effort to obtain a dry field so necessary for successful skin grafting. It is felt 
that a pressure dressing would not be sufficient to prevent hematoma under an 


extensive weeping graft. 
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Colebrook,* in an editorial, has suggested that all burns be kept free of 
infection by treating patients in specially designed centers. He stated that by 
utilizing the most optimum conditions such as filtered, bacteria-free air, infection 
need play no role in the burned patient. However, until such facilities are 
available infection of the burned area is almost inevitable, especially when the 
patient is on a ward of a large general hospital. Despite every effort to keep 
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Fig. 1 (H. H. 4481).—Fire burn, 37-year-old man. A, Appearance of full-thickness burn 
wound of right leg on March 7, 1950. B, Wound tracing of defect after excision under tourni- 
quet to the level of the superficial fascia on April 4, 1950. Measurement of the wound tracing 
was 14.69 square inches. The defect was resurfaced with a dermatome graft. C, Postoperative 


appearance on April 20, 1950. Complete healing. 
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the operative site free of contamination, each case in this series has revealed 
pathogenic or potentially pathogenic bacteria (see Table I). Also, wound cul- 
tures of the burn slough before and after excision yielded pathogenic bacteria. 


WOUND 
TRACING 
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Fig. 2.—Same patient as in Fig. 1. Left leg. A, Preoperative photograph on March 7, 
1950. B, Wound tracing, measuring 15.02 square inches, of the burn wound excised and skin 
grafted on April 4, 1950. OC, postoperative appearance on April 20, 1950. Completely healed. 
Both gram-positive and gram-negative organisms were found and were mostly 
of the groups sensitive to aureomyein. It was found that the parenteral use of 
antibiotics does not sterilize burn wounds; cultures of granulating burns will 
almost invariably reveal pathogenic bacteria. Although the number of pathogenic 
hacteria may be reduced by the local use of chemical antiseptics, many of these 
agents may impede wound healing and are thus contraindicated. Because of 
these facets, aureomycin has been applied locally under new skin grafts. Baxter? 
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WOUND TRACING | 
39.75 


Fig. 3 (H. H. 6739).—Fire burn, 13-year-old boy. A, Appearance of leg on April 4, 1950. 
B, Wound tracing of defect after exicsion of burn slough at operation on April 11, 1950. 
Wound resurfaced with a dermatome graft. COC, Appearance of leg on April 20, 1950. Complete 


healing. 
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J-L. HH 5632 
LEFT HAND DORSUM 


TOTAL WOUND 
AREA 59.50 Sq 


LEFT FOREARM 


Fig. 4 (H. H. 5632).—Exploding alcohol burn, 28-year-old man. A, Wound tracing of 
the full-thickness burn wound of the dorsum of the left hand at operation on March 2, 1950. 
B, Wound tracing of the full-thickness burn of the left forearm. Both wounds measured 
59.50 square inches. The wounds were excised under a tourniquet and resurfaced with derma- 
tome grafts. C, Appearance of left hand and arm on April 20, 1950, The function of the 
hand was improving steadily. 
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has recommended the local use of penicillin or streptomycin under skin grafts. 
Wallace® has used penicillin powder locally following cleansing of the burn. He 
adds, however, ‘‘ An antibacterial powder which does not antagonize the body’s 
own defenses, directed against both gram-positive and gram-negative organisms, 
will be a useful additional precautionary barrier, especially in infected burns.’’ 

Aureomyein hydrochloride has a pH of approximately 2.5 to 2.9, whereas 
aureomyein glycinate, as prepared for intravenous injection, has a pH of 7.8 to 
8.0. It was feared that the high acidity of the former compound might inter- 
fere with a successful ‘‘take’’ of a skin graft; however, both forms of the drug 
were used. The dosage used was chosen arbitrarily and in the first cases was 
100 mg. for each 5 square inches of skin graft. With this dosage, the success of 
skin grafts was 95 per cent plus. In a later case, the amount of aureomycin 
glycinate used was 500 mg. under a graft 6 square inches in area. This case 
yielded a 100 per cent result. In all cases, the drug was placed in solution in 
the least amount of sterile saline necessary for the area to be grafted and spread 
under the graft with a syringe. A total of 5 individual cases were studied. 

Apparently, the low pH of the hydrochloride salt did not interfere with the 
skin grafting result. This is probably explained on the basis of exudation of 
tissue fluids in an effort to neutralize the drug with a resultant increase in 
adhesiveness of the graft to the recipient site. 

Aurcomyein was not used locally after this one administration. Its 
irritant effect would most likely prevent epithelial regeneration on continued 
use. Undoubtedly, if used on partial thickness burns or on donor sites of free 
skin grafts, spontaneous epithelial regeneration would be delayed or prevented. 
In a previous experience with sodium sulfadiazine, treatment of a Thiersch graft 
donor site failed to heal when the drug was used locally. This drug is irritant 
by virtue of its alkalinity. Prompt healing of the wound occurred when a bland 
ointment was substituted for the sulfonamide. 

Aureomycin hydrochloride has also been used as a spray on body burns in 
an effort to prepare the granulations for skin grafting where the excision of the 
slough was inadvisable. In each instance, the application was painful and its 
use was discontinued. We have, however, used the compound locally on the 
undisturbed granulation tissue at the time of operation and found its use to be 
helpful in the ‘‘take’’ of patch grafts. When used under patch grafts there is 
no way to keep the aureomycin solution from spreading beyond the confines of 
the graft. Therefore, in the instance of edge-to-edge skin grafting using derma- 
tome grafts, the grafts are first basted accurately to the wound edges and the 
aureomycin solution is then injected under the grafts. 

No effort has been made in this study to compare the effectiveness of 
aureomycin with other antibiotics or other chemotherapeutic agents for use as 
an aid in the management of major burns. Such a study was beyond the scope 
of this report. However, it has been rather conclusively demonstrated that 
aureomycin has a place in the management of major burns. It is reeommended 
that the drug be used orally to reduce the likelihood of systemic infection, and 
locally, at the time of skin grafting, to aid in the ‘‘take’’ of the graft. When 
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used locally the effectiveness of aureomycin undoubtedly is due primarily to its 
wide antibacterial range. Its irritant action may also be valuable by stimulat- 
ing the exudation of adhesive tissue fluids. 


CONCLUSIONS 


1. In this sample series of cases aureomycin has proved to be a valuable aid 


in the management of major burns. 
2. The systemic use of aureomycin is recommended to reduce the likelihood 


of invasive infection. 
3. The wide spectrum of antimicrobial activity of aureomycin makes it an 


especially valuable agent in the prevention and cure of infection following 


thermal burns. 
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Case Reports 


MULTIPLE POLYPOSIS OF THE SMALL AND LARGE INTESTINES, 
WITH MULTIPLE INTUSSUSCEPTION 


REpPoRT OF A CASE 


CoLONEL MARSHALL N. JENSEN, MepicaL Corps, UNITED STATES ARMY 
(From the Madigan Army Hospital, Tacoma, Wash.) 


REVIEW of the literature fails to reveal a previous case of multiple in- 
tussuseception of both the small and large intestines and only 1 report of 
multiple polyps involving both intestines.' 

Although not common, tumor intussusception oceurs frequently enough to 
warrant consideration in patients with obstructive symptoms. Christopher,’ 
in 1936, quoted 208 eases collected by Kasemeyer* in 1912, over one-half of which 
were benign. Christopher collected reports of 43 additional cases due to benign 
tumors and 16 due to malignant tumors, and added an additional case of small 
bowel intussusception due to polyp. Nichols,* in 1941, collected reports of 186 
tumor intussusceptions, 70 per cent of which were in adults, and found in- 
tussusception of the large bowel to be most common. Various reports of indi- 
vidual cases have appeared, including a case of double intussusception and vol- 
vulus. 

Diagnosis of polyps of the small intestine without intussusception is rarely 
made and is a rare autopsy finding.” ° 

Symptoms of small bowel tumor are frequently vague. Anemia, weight 
loss, and intermittent mild obstruction are most common. Blood in the stool 
is common. Roentgen diagnosis of intestinal tumor without intussusception is 
most diffieult.*~° 

REPORT OF A CASE 

A 24-year-old white man was first admitted to the hospital Feb. 12, 1949, complaining 

of episodes of epigastric distress, cramping, and vomiting, with hematemesis noted 1 week 


prior to entry. 

Physical examination was negative at that time except for pallor. The hematocrit 
determination was 33. A diagnosis of hypochromic anemia was made and was attributed 
to rectal bleeding after 7 small pedunculated polyps were found in the rectum. These 
polyps were removed by a snare and proved to be benign. A barium enema with air con- 
trast was reported as negative. A barium meal and gastroscopic examinations were re- 
ported as negative. 

The patient gave an involved psychiatric history including the fact that during the 
war he had been rejected for Army service because of ‘‘emotional instability and lack of 
heterosexual drive.’’ Psychiatrie study rather clearly brought out the emotional insta- 
bility, and the upper abdominal complaints and vomiting were explained on a basis of 
‘psychogenic gastrointestinal reaction.’’ 

He was discharged from the hospital, but his complaints continued and the anemia 
became more severe. He was readmitted to the hospital on July 21, 1949. All the studies 
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of the previous admission were repeated, but no organic lesions were demonstrated and 
the patient was treated by the Neuropsychiatric Service. 

The patient remained anemic. Repeated sigmoidoscopic examinations were made, 
but no pathology was noted until December, 1949, when a large cauliflower mass was seen 
just beyond the end of a 24 cm. proctoscope. Several large pieces of this mass were ob- 
tained by a wire snare. These were reported by the pathologist as benign polyp. Since 
the appearance of the mass suggested malignancy, and it was felt that all of the polyp 
was not removed, a lower abdominal incision was made with a view of a partial sigmoid 
colectomy to remove this polyp. No lesion was discovered, however, even though the 
sigmoid colon was opened and inspected. No lesion was palpated in the descending or 
transverse colon. It was concluded that the entire polyp must have been removed by the 


wire snare, and the abdomen was closed. 


Fig. 1.—a, Arrow points to polyp in lower descending colon; b, arrow points to intussus- 
cepted large bowel. 


A repeat barium enema was performed, and a large polyp was demonstrated which 
moved from the hepatic flexure to the lower portion of the descending colon, with evidence 
of intussusception (Fig. 1). It is evident that this movable polyp had been seen with the 
sigmoidosecope and partially removed, undoubtedly telescoping the transverse colon at the 
time. 

A barium meal was reported as follows: ‘‘Dilatation of the second, third, and 
fourth portions of the duodenum and jejunum was present’’ (Fig. 2). 

Laparotomy was then performed through an upper abdominal transverse incision. 
The first portion of the jejunum presented and was hugely dilated, with intussusception 
of 24 inches of the first portion of the jejunum. The intussusception was easily reduced 
and a polyp 1 inch in diameter could be palpated as the initiating agent of the intussuscep- 
tion. A dimple could be seen on the antimesenteric border, and a longitudinal incision 
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at this point revealed a polyp 3 em. in diameter and a 5 em. pedicle and 2 smaller polyps 
in close association. The pedicles were clamped and the polyps removed, and the bowel 
incision was closed transversely. The entire small bowel was carefully examined and 2 
other similar areas of intussusception and polyps were found and another polyp was found 
without intussusception. All were treated as described (Fig. 3). 

The large polyp in the colon was found to be attached about the middle of the trans- 
verse colon. On opening the colon at this point it was noted that the pedicle was rela- 
tively short, and that there were numerous small polyps from this point for 6 inches dis- 
tally. The splenic flexure was mobilized and the colon opened; no polyps could be seen 
distal or proximal to the area mentioned. Eight inches of the transverse colon, which in- 
cluded all the area noted containing polyps, were resected, and an end-to-end anastomosis 
was made (Fig. 4). 

Recovery was uneventful and the anemia has not recurred. All polyps were similar, 
both grossly and microscopically, and were reported as ordinary benign adenomatous 


polyps. 


Fig. 2.—Arrows point to intussuscepted small bowel. 


Comment.—The reported case demonstrates that intestinal tumor, in this 
instance polyps, can produce mild symptoms from intussusception and also 
otherwise unexplained anemia. Whereas the common type of intussusception 
usually oeeurs in infants, intussusception caused by tumor may oceur at any 
age, as exemplified by this patient. 

In the presence of 1 or more polyps careful search should be made for other 
distinct lesions. No evidence has been found to indicate a strong tendency to 
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Fig. 4.—Resected transverse colon with arrow pointing to large polyp. 
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malignancy in polyps of the small intestine. This patient must be followed 
carefully because of the tendeney toward formation of more polyps in the colon 
with probable eventual malignant change. 


SUMMARY 


A ease report is presented of a patient with multiple polyps of the small 
intestine and large intestine with intussusception of each. Although no other 
report of a similar case is found in the literature, one or another of the con- 
ditions present in this patient should be considered when other examinations 
fail to reveal the cause of abdominal pain or intestinal bleeding. 
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PROLAPSING GASTRIC MUCOSA THROUGH GASTROJEJUNOSTOMY 
SIMULATING CANCER OF THE STOMACH 


BERNARD M.D., AND SIpNEY WEINTRAUB, M.D., 
New York, N. Y. 


(From the Departments of Surgery and Roentgenology of the New York Hospital and 
Cornell University Medical College) 


INTRODUCTION 


ECENTLY great attention has been directed toward the study of the mobile 

gastric mucosa as a source of gastroduodenal symptoms that may include 

nausea, burning epigastric discomfort, vomiting, and an epigastric aching pain 

without radiation. Occasionally tarry stools and hematemesis have been at- 
tributed to prolapse of the gastric mucosa through the pylorie sphincter. 

As far as can be determined there is no report of the effects of a prolapse 

of the gastric mucosa through a gastroenterostomy ; therefore this unusual case 


is of interest. 
CASE REPORT 


8S. R. (New York Hospital No. 487985), 44 years of age, was admitted to New York 
Hospital Oct. 25, 1947, because of intermittent aching, dragging, nonradiating epigastric 
and peri-umbilical pain and intermittent sour eructations. 

In 1926, because of epigastric burning pain and a duodenal ulcer diagnosed by x-ray 
study, a gastrojejunostomy was performed. Following this the patient was well until 1936, 
at which time an exploratory laparotomy was carried out because of severe disabling epi- 
gastric pain and a roentgenogram that demonstrated a marginal ulcer. The anastomosis 
was not dismantled since no ulcer was definitely found at operation. After this explora- 
tion the patient was well until May, 1943, when he passed several tarry stools. He was 
again hospitalized for 2 weeks, but because of the marked improvement on a medical 
regime he was discharged. A barium study at this time disclosed a marginal ulcer. Three 
years later he was again hospitalized because of massive hematemesis, tarry stools, and 
a 10 pound weight loss. An exploratory laparotomy was performed, the gastroenterostomy 
was dismantled, and a subtotal gastric resection and gastrojejunostomy completed. The 
resected stomach specimen measured 6 em. along the lesser curvature. The gastric mucosa 
was hypertrophied, but no duodenal ulcer was noted in the resected duodenal segment. 
A superficial 5 mm. ulceration of the mucosa was noted along the lesser curvature of the 
resected portion of the stomach. Three weeks after this operation the epigastric burning 
pain again recurred and continued during subsequent 6 months. At this time he developed 
an aching, dragging, nonradiating epigastric and periumbilical pain and sour intermittent 
eructations. Occasionally after meals he developed mild epigastric cramps, but there was 
no vomiting, weight loss, or tarry stools. 

The family history and systemic review were not remarkable or related to this ill- 
ness. 

Physical examination at the time of admission to the New York Hospital disclosed 
a tense, apprehensive, pale man of extremely sallow complexion. The positive findings 
were limited to the abdomen and these included only 2 linear paramedian sears from the 
xiphoid process to the pubis on either side of the midline. No masses were felt and no 
tenderness or spasm was elicited. 
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a. b. 


Fig. 1, a and b.—The gastrointestinal series and spot film revealed a large constant filling 
defect suggestive of a gastric neoplasm at the stoma of the gastrojejunostomy. 


Fig. 2.—On the anterior and inferior angle of the gastrojejunostomy stoma on the gastric 
side was a soft polypoid mass measuring 3 cm. in diameter. The surface was covered by 
normal gastric mucosa and was elevated 3.5 cm. above that of the surrounding gastric mucosa. 
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Laboratory studies revealed the hemoglobin, red count and white blood cell counts, 
smear, blood urea nitrogen, and the serum chlorides to be in the normal range, and the 
urine was normal. The gastric analysis showed 35 units of free and 60 units of total acid 
in the fasting specimen and after histamine 68 units of free and 88 units total acid. 

A gastrointestinal series made on Sept. 29, 1947, disclosed an ulcer crater 8 by 8 mm. 
in size along the lesser curvature of the stomach and a large constant filling defect sug- 
gestive of a gastric neoplasm at the stoma of the gastrojejunostomy (Fig. 1, A and B). 
There was normal emptying of the stomach in 1 hour. 

At operation marked thickening of the anterior stomach wall was noted at the gastro- 
jejunostomy stoma. A gastric resection within 5 em. of the esophagogastrie junction and 
anterior antiperistaltic Hoffmeister Polya gastrojejunostomy was carried out and 3 em. of 
each vagus nerve were resected by delivering the esophagus through the esophageal hiatus 
into the abdomen. 


Fig. 3.—a, A section of the normal gastric wall taken at the edge of the stomach wall 
mass (X40). b, A section of the polypoid stomach wall mass (X40). Note the marked edema 
of the submucosa. 


The surgical specimen consisted of the stomach and attached jejunum arranged in 
a Polya type anastomosis. The stomach measured 7 cm. on the lesser and 14 em. on the 
greater curvature. The gastrojejunostomy stoma readily admitted 4 finger tips. On the 
anterior and inferior angle of the stoma on the gastric side there was a soft polypoid mass 
covered by a normal gastric mucosa measuring 3 cm. in diameter. The surface of this 
polypoid mass was elevated 3.5 em. above that of the surrounding gastrie mucosa (Fig. 2). 
This soft polypoid mass of the stomach mucosa and submucosa readily prolapsed into the 
jejunum through the lumen of the gastroenterostomy. The remaining gastric and jejunal 
mucosa was normal and no ulcers were found. 
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Histologic sections made through the large cushionlike gastric wall mass revealed 
that it was composed of chronically inflammed mucosa covering an edematous thickened 
submucosa in which there was a great deal of fibrosis, edema, some fat infiltration, and 
markedly increased vascularity. All blood vessels in this mass were markedly congested 


(Fig. 3). 

The patient’s postoperative course was uneventful until the tenth day, when he had 
a massive hematemesis and passed many tarry stools. Review of the record disclosed that 
the duodenal ulcer had never been resected. Pyelorectomy was carried out on the eleventh 
postoperative day. At operation the duodenum was opened and moderate bleeding was 
noted in the center of a nipple of mucosa on the posterior aspect of the duodenum. The 
postoperative course was uneventful and the patient’s 2 year follow-up has been symp- 
tomless and he has maintained his weight without difticulty. 


DISCUSSION 


The clinical radiographic and pathologie entity of prolapsing gastric mu- 
cosa is now well established as a source of upper gastrointestinal difficulty.’~ 
Many feel that prolapse of the gastric mucosa through the pyloric sphincter may 
be secondary to a duodenal ulcer, although there are others that feel that pro- 
lapse of gastric mucosa is a distinct entity. 

This case suggests that the mucosa of the stomach is sufficiently mobile to 
permit it to slide on the submucosa and prolapse through a gastroenterostomy 
stoma. If this prolapse continues to recur changes develop in the stomach wall 
that may produce a benign stomach wall mass that may in turn produce the 
signs and symptoms of upper gastrointestinal intermittent obstruction as was 
true in this particular case. 

Finally, this case demonstrates a complication, namely, hemorrhage of an 
exclusion type gastric resection performed for a duodenal ulcer. This patient’s 
repeated gastrointestinal hemorrhages were related to the failure to remove the 
duodenal ulcer at an earlier operation. 


SUMMARY 


This case demonstrates that prolapse of the gastric mucosa and submucosa 
may occur through a gastroenterostomy stoma and by its chronicity produce a 
gastric wall mass that may produce the signs and symptoms of intermittent 
gastrie obstruction and the roentgen appearance of a filling defect of the 
stomach simulating a wall tumor or cancer. 
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Surgical Technique 


A SIMPLE, SAFE METHOD OF CHOLECYSTECTOMY 


HyYMAN SNEIERSON, M.D., BInGHAmToN, N. Y. 


AVE for periodic innovations of tradition-breaking character, the story of 
S progress in surgery is essentially that of small increments of gain in knowl- 
edge added to the common store.’”! 

This statement by Wangensteen’ and the recent articles by Lahey and 
Pyrtek? and by Gray and Whitesell? have encouraged me to report a simple, 
safe method for removal of the gall bladder. This method is based on sound 
anatomic and surgical principles and I have used it for the last five years. 

Numerous methods for removal of the gall bladder have been reported 
in the literature. Most of these are similar to previous reports, with the 
greatest discussion being between the advocates of either the ‘‘above-downward’’ 
or ‘‘below-upward’’ techniques. The attack on the blood supply to the gall 
bladder is treated by the statement that the cystic artery should be ligated 
separately whenever possible. Exact anatomic descriptions of the blood supply 
to the gall bladder have appeared repeatedly,*> but no exact technique for 
finding this artery and ligating it as a primary step has been found as part of 
a routine standard technique of cholecystectomy. Directions given vary from 
isolating the cystic duct and then locating the artery, dissecting the fundus 
free and then catching it, to the method of Lahey and Pyrtek? which similarly 
avoids the artery until the fundus has been freed. In other words, the cutting 
of the blood supply is made secondary to a dissection of either the fundus or 
the eystie duct as a rule. 

My technique differs from those previously published in that ligation of 
the eystie artery is the first procedure and all efforts are made to do this prior to 
any attempt at removal or isolation of the gall bladder. This is done whether 
the gall bladder is subsequently removed in either direction. It follows the 
traditional attack of surgery on any organ which embodies the cutting of the 
blood supply as a preliminary step. The procedure is easy and avoids the 
danger of blind clamping of the artery and of possible tying of an aberrant or 
high hepatie artery. Only rarely can the technique not be applied (Fig. 1, 5 
to 6). 

ANATOMY 

In the diagram (Fig. 1, 7 to 6) of the blood supply to the gall bladder in 
100 operative eases reported by Gray and Whitesell,’ 7, 2, and 3 comprise 90 
per cent of the group, 4 and 6 7 per cent, and 5, 3 per cent. Our artist has 
indicated our line of incision in these eases (dotted line) and it will be noted 
that only in 5 and 6 will the artery not be exposed. Since the exact percentage 
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of 5 and 6 were not given separately one can only say that well over 90 per cent 
of the cases can be done more easily by preliminary ligation of the artery as it 
reaches the left side of the gall bladder near the ampulla. 


OPERATIVE TECHNIQUE 


Step 1—The type of incision plays no part, but it is my custom to use a 
paracostal approach for a routine cholecystectomy and a right rectus incision 
for those cases in which other procedures may be necessary. The gall bladder 
is examined and if markedly distended by fluid or stones is aspirated. A Kelly 
clamp is then placed across the top in such a way that the end projects beyond 
the gall bladder.* This prevents tearing into the organ and also gives a larger 
area for traction (Fig. 2, A). 


Fig. 1.—Dotted line has been superimposed to demonstrate line of incision. (From Gray and 
Whitesell.*) 


Step 2—The ampulla is now freed from the attached viscera and the 
common duct. This can usually be done with the finger or with a hemostat. 
Very little if any bleeding is encountered. The duodenum, et cetera, are now 
packed off and retracted downward. The ampulla is grasped by a hemostat 
as shown in the diagram (Fig. 2, B). It may be difficult at first to place this 
clamp but after a few cases this will be done easily except in rare instances. 

Step 3-—This is the most important step and the one which departs from 
the usual technique. The gall bladder is now pulled to the right, causing the 
left side to be taut. The blood supply (artery) comes in on the left side at 
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some point between the ampulla and the fundus in nearly all cases (Fig. 1). 
It can be seen in thin-walled gall bladders before the serosa is cut, but in most 
cases it is not demonstrable at this point. With the gall bladder kept tense 
by the two clamps, an incision is made from the ampulla upward along the left 
side of the gall bladder from one-fourth to one-half inch from the liver edge 
and through the serosa only (dotted line, Figs. 1 and 2). The serosa is pushed 
toward the liver with a hemostat or knife handle, demonstrating the vessel as 
it crosses to the gall bladder. Where the wall is markedly thickened and 
edematous this is found by blunt dissection from above downward until one 
encounters a firm cord which is identified as the artery. The artery is carefully 
isolated, tied, and cut close to the gall bladder, and the proximal stump is gently 
pushed away. This leaves a stump one-fourth to one-half inch long which can 
be caught safely if inadvertently torn. Cholecystectomy can now be done in 
either direction with great ease and in a bloodless field. 

There is always a fat deposit in the gall bladder wall near the ampulla and 
the serosa can be cut without danger of perforating the mucosa. In the acute 
edematous types the procedure is even easier. Where more than one artery is 
present, they are noted and tied separately. 

It is my custom to complete the cholecystectomy by dissecting a serosal 
flap completely around the gall bladder and then removing it from above down- 
ward. I have often reversed the process when I felt I might force small stones 
into the common duct, and ean see no difference beyond the added safety of 
being able to see the cystic duct in its entirety from above downward. Since 
the blood supply is ligated initially, the danger of stricture due to clamping a 
retracted cystic artery is completely obviated. The operation is completed by 
doubly tying the eystie duct one-half inch from the common duct and placing 
a rubber tissue drain down to the foramen of Winslow. 


DISCUSSION 


Analysis of the diagrams (Fig 1, 7 to 6) which are taken from the article 
by Gray and Whitesell* shows that the line of incision will expose the cystic 
artery in almost all eases (90 per cent). In eases like Fig. 1, 5 and 6, one merely 
completes the removal in either direction and clamps the artery when it is 
located. A high or arching hepatie artery can be readily seen and avoided in 
the dissection. The use of the clamp at the ampulla may not be necessary or 
may not be possible in those cases with tremendous thickening about the ampulla. 
One still may use the same incision and proceed as above. Occasionally it may 
be desirable to insert clamps into the lumen for traction after removal of stones 
in an acute edematous gall bladder before locating the artery. 


SUMMARY 


A simple, safe method of removal of the gall bladder with initial ligation 
of the blood supply has been described. It is applicable to nearly all types and 
stages of cholecystitis. 
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Recent Advances in Surgery 


CONDUCTED BY ALFRED BLALocK, M.D. 


ACUTE PAROTITIS 
Jack R. Gustarson, M.D.,* ANN ArBor, MICH. 


(From the Department of Surgery, University of Michigan Medical School) 


CUTE nonspecific suppurative parotitis or parotiditis has been recognized 

as a distinct clinical entity for over a century. While it was described 

in an early report! in Lancet in 1829, Brodie,? in 1834, first clearly distin- 

guished it from epidemic parotitis. Acute parotitis was first recognized as a 
postoperative complication by Munde,’ in his case following ovariotomy. 

This disease has been designated by a variety of names such as postopera- 
tive parotitis, secondary parotitis, surgical parotitis, surgical mumps, acute 
parotitis, acute nonspecific parotitis, and acute suppurative parotitis. The 
last 3 terms appear to be preferable, for the disease is not necessarily a surgical 
problem and may be primary rather than solely secondary to some other patho- 
logie entity. For the sake of brevity, acute parotitis will be used in this report. 


INCIDENCE 


Practically all of the reports in the literature have expressed the incidence 
of acute parotitis in relation to its postoperative appearance. Beckman* re- 
ported an ineidence of 1:2,275 operative procedures. Pique® had 2 cases occur- 
ring in 7,200 operations for a rate of 1:3,600. This present report concerns 80 
cases of acute parotitis that have occurred on the medical and surgical serv- 
ices of the University Hospital from 1932 to date (April, 1948). During this 
period, 182,000 operations of all types have been performed; 51 of the 80 cases 
followed operation, an incidence of 1 per 3,568 operations. 

In as much as orchitis and mastitis are common complications of epidemic 
parotitis, early investigators believed that acute parotitis was prone to follow 
operations on the reproductive organs. This relationship has been gradually 
discredited in the ensuing years and every surgical specialty has had to cope 
with this distressing complication. Rankin and Palmer’ noted a higher inci- 
denee (1:135) following colon surgery. In 25 of our 51 cases that followed 
operation, some type of surgical procedure that necessitated opening the peri- 
toneal cavity was performed. Considering the factors influential in the pro- 
duction of a suppurative parotid infection this does not seem unusual. How- 
ever, the significant incidence of acute parotitis as a complication of abdominal 
operations should be given due consideration in the preoperative and postoper- 
ative management of surgical patients. 

There have been no reports in the literature of the incidence of acute paro- 
titis in relation to nonsurgical diseases. It certainly is not a rarity, for 29 of 
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our 80 cases occurred either as the primary problem or appeared during the 
course of some other disease. On the basis of the hospital registrations dur- 
ing the period 1952 to date, this incidence has been 1 :12,000. 

Some reports have shown an increased frequency of acute parotitis during 
the summer months, presumably because patients are more likely to be rela- 
tively dehydrated during hot weather. Others believe that it is more common 
in the winter and spring because of the higher incidence of upper respiratory 
infections during these months. Apparently modern parenteral fluid therapy 
and the postponement of surgery when respiratory infection is present has 
cancelled out any significant climatic influence in this series (Table 1). It was 


TABLE I, SEASONAL INCIDENCE OF ACUTE PAROTITIS 


Winter (Dec., Jan., Feb.) 7 19 
Spring (March, April, May) 22 
Summer (June, July, Aug.) 11 
Fall (Sept., Oct., Nov.) 28 
Total 80 


originally thought that there would be a decreasing incidence year by year, 
paralleling the advances in the knowledge of preoperative and postoperative 
eare. Our statistics do not confirm this prognostication (Table IT). However, 
while approximately the same number of operations were performed in each 
period, the frequency of radical surgery has increased every year. 


UE TEARLY INCIDENCE OF ACUTE PAROTITIS 
TABLE IIT, YEARLY INCIDENCE OF ACUTE PAROTITIS 


1932-1936 22 
1937-1941 28 
1942-1946 25 
1947 to date 5 
Total 80 


ETIOLOGICAL FACTORS 
During the past century 5 theories have been advaneed to explain the 
cause of acute parotitis : 
1. Heat degeneration: the parenchymatous degeneration of the 
parotid gland was secondary to hyperpyrexia 
2. Sympathetic: parotitis was produced sympathetically follow- 
ing operations on the generative organs 
3. Toxin exeretion: the infection of the parotid gland follows 
an unsuccessful attempt to exerete toxin manufactured by the or- 
ganisms of the primary infection 
4. Hematogenous or pyemie infection: embolism of the parotid 
gland with a septic clot originating from a primary souree of infection 
5. Ductogenous: ascending infection of Stensen’s duct 
Sufficient clinical evidence and experimental pathologie and bacteriologic 
investigation has been accumulated to invalidate the first 3 theories. At pres- 
ent, it appears that infection of the parotid ascends from the mouth via Sten- 
sen’s duct or is embolic in nature. 
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Hematogenous Infection.—This explanation was advanced by Paget,® 
Bowe,’ Dyball,* and Fisher®"' and has been proved experimentally by Berndt, 
Buck, and von Buxton.’? The latter injected virulent cultures into the blood 
supply of the parotid gland of animals and in a few instances they were able 
to produce a suppurative parotitis. It is apparently a clinical rarity, for it is 
seldom mentioned in the modern literature. But then, it is difficult to prove, 
for cultures from the parotid must match those from the primary source. Sev- 
eral of our patients had a septicemia, but in those in whom parotid cultures 
were taken the offending organism was Staphylococcus aureus, whereas the 
blood cultures were positive for either Escherichia coli or Streptococcus viri- 
dans. 

Ascending Infection of Stensen’s Duct.—Claisse and Dupre’ ‘* reported 
experimental infection of the parotid gland via Stensen’s duct in 1894. They 
were unable to produce the disease in normal animals unless their general 
vitality was reduced by starvation or the flow of saliva limited by the use of 
such drugs as opium. By injecting the parotid duct with virulent cultures of 
staphylococci, Berndt and associates’? reproduced the pathologic process that 
is commonly seen in human beings. Bucknell,’® on the basis of Claisse and 
Dupre’s experiments, concluded that for infection of the parotid gland via 
the duct system, one or more of the following conditions must be present: 
(1) a larger number of organisms, or organisms of a more virulent type than 
normal, must be present at the orifice of Stensen’s duct; (2) the general vitality 
of the patient must be reduced; (3) there must be a diminution in salivary se- 
eretion; and (4) there must be a reduction in the bactericidal proportion of 
the saliva produced. These observations, published in 1905, were remarkably 
accurate and have been proved clinically time and again in the ensuing years. 

Crile and Manning’® demonstrated that cultures taken from the area about 
the orifice of Stensen’s duct in a normal mouth produced staphylococci in 50 
per cent of those tested. In a group of patients with poor oral hygiene, the 
incidence of positive cultures was 66 per cent and, in addition, the number of 
organisms per culture was doubled. They cultured similar areas from patients 
preoperatively and postoperatively and found that the number of organisms 
inereased following operation; however, this increase could be averted by 
proper oral hygenic measures. That oral sepsis in the form of dental caries, 
pyorrhea alveolaris, leukoplakia, upper respiratory infections, and so on, is an 
important etiologic factor cannot be denied. Forty-three per cent of our pa- 
tients had dental caries of sufficient severity to be detected by routine physi- 
eal examination. An additional 23 per cent demonstrated some other form of 
oral pathology. Moreover, 2 of the patients in this series developed acute 
parotitis following the repair and/or extraction of carious teeth. Virtually 
all of the reported clinical investigations of this disease emphasize this factor. 

Indirect evidence that reduction of the general vitality of the patient may 
be an etiologic factor is found in Crile and Manning’s’® studies of the rela- 
tionship of vitamin A deficiency to acute parotitis. Such a deficiency results 
in a keratinizing metaplasia with subsequent desquamation of epithelial cells. 
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This may produce obstruction of some degree of the duct and the desquamated 
material is known to provide an excellent culture medium. The salivary 
glands and all accessory glands of the tongue, buccal cavity, and pharynx are 
affected earlier than any other tissue.’ '* Moreover, there is considerable 
evidence to indicate that severe deficiency of vitamin A lowers resistance to 
infection in man. Crile tested 22 patients with carcinoma of the colon for vita- 
min A deficiency ; of the 16 that had a deficiency as measured by dark adapta- 
tion, 5 developed parotitis following operation. None of the 6 without a de- 
monstrable deficiency developed parotitis. Additional clinieal support is given 
to this factor by the relatively high incidence of parotitis in malnourished and 
chronically ill patients. 

A diminution in the secretory activity of the parotid may be produced 
by many drugs or by general anesthesia. Neither atropine nor scopolamine as 
a preoperative medication nor the use of an inhalation anesthetic appeared to 
have any definite bearing on the development of a parotitis in this series ; many 
of our cases followed the use of local or spinal anesthesia. Less than one-half 
of the 51 patients who developed parotitis following operation received these 
drugs (atropine, 7; scopolamine, 15). In all probability, the short duration of 
this single dose would have little effect. However, it should be borne in mind 
that such a possibility exists and that scopolamine has an even greater depres- 
sant activity on salivary secretion than atropine.’ 


While the choice of an anesthetic agent apparently is not important, 
trauma to the parotid gland produced by the anesthetist in holding up the jaw 
during general anesthesia has been reported infrequently as an etiologic fac- 
tor in the development of acute postoperative parotitis. Trauma was thought 
to be the contributing factor in one of our patients, a young regular army of- 
ficer in perfect physical condition on whom a ligation of a patent ductus 
arteriosus was performed. Although he had an exceedingly smooth postopera- 
tive course and was able to eat and drink immediately, nevertheless he devel- 
oped a parotitis. 

One of the most important functions of a constant flow of saliva is its 
cleansing action. The mouth and teeth are rinsed and kept relatively free 
from food detritus, shed epithelial cells, foreign particles, and so on; thus, 
saliva inhibits growth of bacteria by removing materials which may serve as 
culture media.2°. The unconditioned or inherent salivary reflex is stimulated 
not only by taste but also by ordinary sensation as produced by some foreign 
material in the mouth or by motion of the jaw or tongue. The diminution in 
salivation that attends the withholding of food and fluids orally creates a sit- 
uation highly favorable to the multiplication of the organisms already present 
in the mouth. The high incidence of parotitis following abdominal surgery in 
all probability stems from the sometimes necessary practice of withholding 
food and fluids because of temporary gastrointestinal dysfunction or in order 
to protect recently constructed anastomoses. . 


Dehydration, of course, produces a corresponding decrease in salivation 
plus a drying of the mucous membranes. A dry mouth is considered by many 
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investigators*) *? as being the most important factor in the etiology of acute 
parotitis. This was especially true in the cases associated with medical con- 
ditions, for many of these patients were dehydrated on admission to the hos- 
pital and developed a parotitis while their hydration was being restored to 
normal. In only a very few instances (terminal far-advanced neoplasms) was 
there any significant dehydration in the group that followed operation. How- 
ever, despite adequate hydration, many of these patients developed a dry 
mouth, a local form of dehydration. This was particularly evident when gas- 
trointestinal intubation with a Levine or Miller-Abbott tube was necessary. 
Even if the tube is introduced through the nose, the patient is usually forced 
to breathe through his mouth and local drying of the mucous membranes of 
the oral and respiratory tracts is inevitable. It is interesting to note that 2 
patients who were being tube fed developed acute parotitis. 

The relative infrequency of submaxillary and sublingual gland infection 
is indirect evidence that the proportion of bactericidal material present in 
saliva may be concerned with the production of acute parotitis. Whereas the 
secretion of the parotid gland is purely serous, mucin, known to possess bae- 
teriostatic properties, is produced by both of these glands. A diminution in 
secretion of this product as the result of dehydration or lack of masticating 
stimulation may well afford the flora of the mouth a more favorable environ- 
ment for reproduction. 

PATHOLOGY 


The experimental hematogenous infections produced by Berndt and asso- 
ciates’? revealed a diffuse parenchymal invasion with relatively little involve- 
ment of the large and medium-sized ducts (Fig. 1). The pathologie picture in 
the experimental ductogenous infection was distinetly different and closely 
resembled that usually found in human eases. With this route of invasion, 
the infection is confined to the large and medium-sized duets with invasion c* 
the gland tissue occurring secondary to erosion of the process through the duct 
wall (Fig. 2). Beeause of the interlobular fascial investments arising from 
the parotid fascia, multiple pockets of exudate result from the ascending duct 
infection. The ducts provide an avenue of drainage unless the edema and 
necrosis are such that the duct is blocked. 

The stout fascial layer overlying the parotid gland tends to confine the 
infection; gangrenous changes occasionally result from the mounting tension 
of the expanding infection against this relatively unyielding sheath.*! The 
infection rarely erodes through this layer, more frequently rupturing through 
the external auditory meatus and draining via the ear. Very occasionally 
penetration may occur into the lateral pharyngeal space and a mediastinitis or 
erosion of the earotid vessels may result®® (Fig. 3). From the nature of the 


Fi 1.—Hematogenovus parotitis. Periductal gland tissue shows necrosis and round-cell 


g. 
infiltration. Smallest ducts are the most affected, the largest the least affected. (From Berndt 
and associates.') 

Fig. 2.—Ductogenous parotitis. Note progressively decreasing involvement of the ducts 
as the smaller radicals are approached. (From Berndt and associates.!*) 


| 
t 
| 

| 


.* 
ae 


Fig. 2. (For legends see opposite page.) 
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pathologie processes, it appears that this would be more likely to occur with a 
hematogenous infection, for the ducts are not involved and spontaneous drain- 
age into the mouth would not take place. 

Staph. aureus is the organism most frequently found in acute parotitis.** 
Streptococci, pneumonococci, the fusiform bacilli and spirochetes of Vincent’s 
infections, and a host of other pathogens occasionally have been found. Of the 
cultures taken in our patients all grew staphylococci; one was a mixed infee- 
tion with streptococcus anhemolyticus. 


Fig. 3.—Anatomic cross section through the parotid gland illustrating its relationship to the 
lateral pharyngeal space and the carotid vessels. (From Coller and Yglesias.) 


CLINICAL MANIFESTATIONS 


The average age of the patients in this series was 51.4 years, the oldest 
being 81, the youngest 2. The disease is occasionally seen in infants,”* usually 
complicating diseases producing dehydration. Males and females were at- 
flicted with equal frequency. Sixty-six of the patients had unilateral involve- 
ment; 14 were bilateral. When postoperative, the parotitis usually appeared 
on the fourth or fifth day following operation. It occurred twice as frequently 
in the first 14 postoperative days as thereafter. 

Crile and Manning” believed that pain in the temporomandibular joint is 
usually the first clinical manifestation of the disease. The local findings of a 
swollen, hot, indurated, tender parotid gland followed in 6 to 8 hours. This 
was noted occasionally in this group of cases but our records rarely made a 
point of chronicling the time of onset of the individual symptomatology. Ex- 
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amination of the mouth may reveal some redness about the orifices of Stensen’s 
duct and pus often can be expressed by milking the duct. In those instances 
where both parotid glands became infected, the process started on 1 side and 
spread within 6 to 24 hours. There is a concomitant rise in the white blood 
cell count and the temperature; the height of the febrile response usually 
occurs 24 hours after the onset of clinical evidence of the disease. The patient 
appears to be seriously ill, far out of proportion to what one might expect with 
a purely local infection (Fig. 4). That this so-called “toxic” state is the result 
of the parotitis is evidenced by the rapid improvement in general appearance 
within 12 to 24 hours following the initiation of definitive therapy. 


Fig. 4.—Clinical manifestations of acute parotitis. 


It is not surprising that 26, or 32 per cent, of these patients had some 
form of neoplasm; all but 5 were of the gastrointestinal tract. Table III is a 
compilation of the primary diagnoses of all patients. 

The majority of these patients were dangerously ill; bie in 4 in- 
stances, the parotitis was the chief complaint. All of these patients had severe 
dental caries. 

Table IV lists the type of surgical procedure performed on the 51 patients 
who developed acute parotitis postoperatively. 


SUPPORTIVE TREATMENT 


The conservative treatment of a decade ago has become the supportive 
treatment of today. These measures include proper oral hygiene, adequate 
hydration, the use of hot or cold compresses, stimulation of salivation, mas- 
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TABLE III. PRIMARY DISEASE—80 CASES 


Carcinoma of the stomach 9 
Carcinoma of the colon and rectum 9 
Vascular insufficiency with gangrene a 
Acute parotitis + 
Prostatie obstruction 4 
Peptic ulcer 
Cerebrovascular accident 3 
Appendicitis 3 
Cardiac failure 3 
Tuberculosis 3 
Carcinoma of the biliary tract 2 
Common duct stricture 2 
Pneumonia 2 
One Case Each 

Carcinoma of the prostate Rheumatoid arthritis 

Carcinoma of the lung Subacute bacterial endocarditis 

Carcinoma of the ovary Chronic pelvic inflammatory disease 

Carcinoma of the pancreas Trigeminal neuralgia 

Carcinoma of the lip Pellagra 

Pituitary adenoma Patent ductus arteriosus 

Ventral hernia Hypertension 

Trichiniasis Fractured hip 

Reactive depression Cholangitis with liver abscess 

Urinary tract infection Skull fracture 

Septicemia Tubo-ovarian abscess 

Bronchiectasis Thyroglossal duct cyst 

Taboparesis Trradiation necrosis of maxilla 


Chronic nephritis 


sage of the gland, and probing of Stensen’s duct. Only Couglin and Gish* 
made a point of using cold packs. Coller and Yglesias** stated that it is un- 
likely that heat or cold do any good but whichever produces the greatest com- 
fort should be used; Hobbs and Sneierson®® and Pendergrass and Hodes*’ are 
among those who advoeated parotid massage and probing or dilatation of 
Stensen’s duct. The latter authors felt that if probing does not produce drain- 
age, strong suction and/or irrigation are indicated. Conversely, Latchmore, 
La Touche, and Shuecksmith*! condemned those procedures, urging that the 


TABLE LV, OPERATIVE PROCEDURES—51 CASES 


Exploratory laparotomy (inoperable neoplasm) 

Gastric resection 

Drainage of an abscess (appendical, pelvic, empyema, 
retroperitoneal, mediastinal ) 

Biliary tract operations 

Combined abdomino-perineal resection 

Colostomy 

Colon resection 

Cystotomy, suprapubic 

Transurethral resection 

Amputation, supracondylar 

Tooth extraction 


un 
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One Case Each 


Suprahyoid neck gland dissection Ventral herniorrhaphy 
Cataract extraction Trigeminal rhizotomy 
Ligation of ductus arteriosus Splanchnicectomy 

Hip nailing Excision of thyroglossal cyst 
Arthrodesis of hip Débridment of skull fracture 
Cervical laminectomy Cesarean section 


Pneumonectomy 
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therapeutic principle of ‘‘rest of the inflamed part’’ be observed; for the same 
reason they also do not use chewing gum or rock candy to stimulate saliva- 
tion. It is unlikely that this controversial facet of therapy has any significant 
bearing on the outcome of the disease. Both groups used x-ray therapy in 
conjunction with their programs of conservative treatment and reported al- 
most identical percentages of cure. Many of the milder cases probably could 
be successfully treated with conservative or supportive therapy alone. <A 
study of the normal evolution of the disease indicates that 50 per cent or more 
will progress to frank suppuration and abscess formation if so treated.* * ®& 9°" 
However, it is impossible, at the onset of the disease, to determine the eventual 
severity of the infection, and delay in the use of definitive therapy increases 
the incidence of abscess formation and the possible complications resulting 
therefrom. 
DEFINITIVE TREATMENT 


Surgery.—As late as 1942, Couglin and Gish”? advocated early surgical 
treatment of all cases of acute parotitis. They felt that inasmuch as gangrene 
of the parotid might result from the pressure of the unyielding overlying 
fascia, immediate unroofing of the gland was warranted. It was their belief 
that the mortality rate was lowered by this form of management. A more 
conservative surgical approach is now generally practiced, incision and drain- 
age being reserved for those cases in which other measures such as x-ray 
therapy or radium have failed. Altemeier*? has given the following reasons 
for avoiding surgical treatment: (1) possible injury to the facial nerve; (2) 
salivary fistula may result; (3) secondary infection of the drainage site may 
oeeur; (4) an unsightly sear is made; and (5) another operation and anesthetic 
throw an added burden on an already acutely ill patient. 

To support these objections is the statistical evidence that the mortality 
rate is higher in those patients who require incision and drainage. In this 
series the mortality rate for those patients who had prompt resolution of their 
infection without abscess formation was 34 per cent; when operation was 
necessary, this figure rose to 40 per cent.* Others have found a much greater 
difference (as much as 33 per cent) in mortality rates.* 1° 

These disadvantages must be considered carefully, but when drainage is 
indicated, delay may result in extension of the infection with the complica- 
tions that have been enumerated previously. Coller and Yeglesias?* have 
pointed out that it is not safe to wait for fluctuation to occur for the dense 
parotid fascia makes this difficult to detect. They advocate carefully following 
the response of the infection to definitive therapy (x-ray) and resorting to 
surgical drainage if improvement is not prompt or sufficient. Leithauser and 
Cantor”® have used aspiration rather than open drainage. Inasmuch as mul- 
tiple abscesses are formed, operation is probably necessary for adequate drain- 
age. 


*The number of patients involved is so small that the difference in percentage is not 
Statistically significant. These figures do not include those patients who died before the result 


of therapy could be evaluated. 
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The surgical technique has been amply described by Blair and Padgett* 
and others. ** Briefly, the important features include incision close to the 
ear and over the angle of the jaw, complete exploration of the parotid for 
multiple abscesses, and blunt separation of the parotid substance to avoid 
injury to the facial nerve (Fig. 5). 


Fig. 5.—Diagrammatic illustration of the incision utilized in draining a parotid infection. 
(From Coller and Yeglesias.**) 


Radium.—Radiation therapy has been the treatment of choice of acute 
parotitis since 1930, when Rankin and Palmer’ first reported on the use of 
radium.- Both the mortality rate and the incidence of abscess formation re- 
quiring drainage were markedly reduced in the patients so treated. The larg- 
est series (190) in the literature has been reported by Madding and Fricke*® *° 
of the Mayo Clinic. Of 111 cases treated by radium, 13 per cent went on to 
abscess formation (9 were incised and drained, 5 ruptured spontaneously into 
the ear). Nineteen per cent (15 of 79) of the untreated patients required sur- 
gical drainage. The mortality rate was 11 per cent for the treated group and 
7 per cent for the untreated cases. These, incidentally, are the lowest mortality 
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and failure rates to be found anywhere in the literature. Only 2 patients in 
our series were treated with radium and both went on to abscess formation 
and subsequently died. 


X-Ray Therapy.—inasmuch as the use of radium is expensive, somewhat 
cumbersome, time consuming, and oceasionally painful during the period of 
application, x-ray therapy is now more generally used. Hodges* published the 
first report on the use of x-radiation in 1936. However, he had been using 
this agent since 1927; the first case so treated in our series was in 1932. 

Space does not permit a review of the theories of the action of radiation 
on infection; there are many excellent reports in the literature.**** The re- 
sponse of acute parotitis is rapid and at times dramatic. The most striking 
initial response is the rapid alleviation of the “toxic” appearance and a marked 
improvement in the general condition and feeling of well-being of the patient. 
Frequently this is manifested in 12 to 24 hours. Tenderness and pain disap- 
pear early and, after 72 hours have passed, there is usually a noticeable de- 
crease in induration and swelling. Commonly, all evidence of a parotitis will 
be gone in 3 to 6 days, especially if treatment was started early.** ** Very 
oceasionally there will be an increase in swelling in the first 24 hours following 
treatment*®; we have had 2 examples of this. 

There are many reports in the literature concerning the excellent results 
that have been obtained with x-ray therapy.’® 7" ** 2% %-4° Tt is extremely 
difficult to compare the statistics individually because of different methods of 
reporting cases. However, the usual incidence of cure without drainage ranges 
between 65 to 80 per cent. 

Seventy-eight of the 80 patients in this group were treated with x-ray 
therapy. In 10 instances the results of therapy were considered inconclusive 
because the patient died before treatment was concluded. Of the remaining 
68 cases, 52, or 76 per cent, experienced prompt resolution without abscess 
formation ; 16 patients required incision and drainage. It has been emphasized 
that even when suppuration occurs, the resolution of the parotitis is more rapid 
with considerably less morbidity and pain than in the untreated case.** This 
was certainly the experience among our patients. 

In recent years, many investigators'® ** *° have expressed the opinion that 
the earlier treatment is given, the less frequent is incision and drainage neces- 
sary. MeCormick,* in a group of 20 patients, found that those patients treated 


TABLE V.* EARLY AND LATE TREATMENT WITH X-RAY THERAPY 


Early treatment (within 24 hours of onset) 46 
Prompt resolution 38 83% 
Abscess formation 8t 

Delayed treatment (more than 24 hours after onset) 22 
Prompt resolution 14 63% 
Abscess formation 8 

Total 68 


_ *These percentages are just short of being statistically significant as determined by the 
chi square formula. 
+No pus was found in 2 cases; they are included as clinical failures, however. 
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in the first 16 hours fared far better than when treatment was delayed beyond 
that period. Our experience has been much the same; we now consider acute 
parotitis a radiotherapeutic emergency. 

The majority of these patients were treated with 150 or 200 kv. at a focal 
skin distance of 50 em. Treatment with 150 kv. was unfiltered for a half 
value layer of 0.25 mm. of copper. One millimeter of aluminum and 0.5 mm. 
of copper were used as filtration with 200 kv. for a half value layer of 0.9 mm. 
of copper. When our Department of Roentgenology first undertook the treat- 
ment of acute parotitis, the entire dose was given at one sitting; this varied 
from 200 to 450 r. measured in air. With experience, the amount of radiation 
per treatment was decreased and the period extended to several days. At 
present the policy is to treat daily, the average dose varying from 75 to 200 r. 
(usual, 150 r.).. The course of therapy extends for 2 to 5 days, the number of 
treatments being based on the clinical response of the patient. The total dose 
has ranged from 250 to 750 r.; the average case received 450 r. Some ther- 
apists® treat twice a day for the first day or 2 of the disease. One patient 
had a recurrence after an excellent response to 250 r. in divided doses. She 
was treated again with prompt resolution and without recurrence. 


Chemotherapy.—Leithauser and Cantor** and Altemeier*? have investigated 
the use of massive doses of Lugol’s solution in the treatment of acute parotitis. 
The latter reported 43 cases with an incidence of cure of 81 per cent and a 
mortality rate of 30.6 per cent. Leithauser used 20 minims of Lugol’s solution 
every 3 hours and occasionally supplemented this with 60 minims in 1,000 e.e. 
of saline or glucose solution intravenously or subcutaneously. The response 
to this medication was rapid with evidence of clinical improvement in 48 hours. 
Both groups felt that the action of Lugol’s was twofold: bacteriostatic on 
the invading organisms, and second, as a salivary stimulant. Inasmuch as the 
iodine is excreted in the saliva, it is reabsorbed and recirculated when swal- 
lowed. 

Both the sulfonamides and penicillin have been used alone in the treat- 
ment of acute parotitis, but as yet sufficient cases are lacking for any definite 
conclusions. They have been used in combination with x-ray therapy and, 
again, statistical evidence of their effectiveness is ineonclusive.'® 24 37 46 The 
number of patients in this series treated with combined therapy is also too 
small for conclusive evaluation. Since 1937, 22 patients have received either 
penicillin or sulfonamides (sulfadiazine, sulfanilamide, and sulfathiazole) in 
adequate doses (40,000 + u. every 3 hours and 6 Gm. per day, respectively) 
during the course of their x-ray therapy. Our experience with this form of 
management is presented in Tables VI and VII. 


TABLE VI. X-RAY THERAPY PLUS SULFONAMIDES (1937 TO DATE) 


Early treatment (within 24 hours) 11 
Prompt resolution 9 78% 
Abscess formation 2 

Delayed treatment (after 24 hours) 4 


Prompt resolution 50% 


Abseess formation 


bo bo 


Total 15 


Volume 29 RECENT ADVANCES IN SURGERY 799 
Number 5 


TABLE VII, X-RAY THERAPY PLUS PENICILLIN (1937 TO DATE) 


Early and delayed treatment 7 
Prompt resolution 7 100% 
Abscess formation 0 

Total 7 


Since x-ray therapy has been more standardized and better understood in 
the past 10 years, those patients treated with x-ray therapy alone during the 
period 1937 to date were reviewed for a comparison with combined therapy 


(Table VIII). 


TABLE VIIT, X-RAY THERAPY ALONE (1937 TO DATE) 


Early treatment (within 24 hours) 15 
Prompt resolution 14 93% 
Abscess formation 

Delayed treatment (after 24 hours) 


_ 


| 


Prompt resolution 5 72% 
Abscess formation 2 
Total 22 


Kelly and Dowell*? believed that x-ray therapy is less effective when sul- 
fonamides are being used concurrently. Busechke and Cantril,*? on the basis 
of their early experience, tentatively did not wish their patients to receive 
sulfonamide therapy unless there was some urgent necessity other than the 
parotitis. Other investigators'® ** 4° believed that sulfadiazine and sulfathia- 
zole may be very helpful. It should be emphasized that the use of sulfonamides 
is not without danger, especially in the acutely ill elderly patient. Two of our 
patients, despite adequate hydration, developed anuria while receiving sulfa- 
diazine. The results with penicillin are encouraging. One significant fact may 
be drawn from these 22 patients; neither penicillin nor the sulfonamides pro- 
vide protection against the development of acute parotitis. Five patients re- 
ceiving sulfonamides and 2 receiving penicillin for the treatment of their 
primary disease nevertheless developed acute parotitis during such a course 
of therapy. We have had no experience with streptomycin, either therapeuti- 
cally or prophylactically. 

DISCUSSION 

The following recommendations have been formulated on the basis of this 

series and a review of pertinent literature: 


A. Prophylactic therapy should inelude: 
1. Correction of any existing oral and pharyngeal disease 
2. Proper general and oral hydration | 
3. Correction of any known vitamin or nutritional deficiencies 
4. Stimulation of salivation if the patient is unable to eat 
5. Special care in the utilization of gastrointestinal intubation 
6. Avoidance of the use of drugs which depress salivation 
7. Care on the part of the anesthetist in handling the patient. 
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B. Therapeutic measures recommended are: 


1. General supportive treatments for the comfort of the patient 

2. Proper hydration 

3. Stimulation of salivation 

4. X-ray therapy as emergency treatment 

5. Combined therapy with penicillin appears promising 

6. Incision and drainage without waiting unnecessarily for evi- 
dence of fluctuation if clinical improvement is not manifest 
after 3 or 4 days of x-ray therapy. 


This study has served to reiterate the recommendations and observations 
of many other investigators and to emphasize again the importance of early 
treatment. Moreover, our experience has indicated that the high incidence of 
acute parotitis as a complication of gastrointestinal surgery is directly related 
to the disturbances in oral and salivary physiology that are induced by the 
abdominal disorder and/or the operative procedure. The oral dehydration 
that may occur subsequent to gastrointestinal intubation should be anticipated 
and thereby prevented. 

Emergent x-ray therapy remains the treatment of choice. The role of the 
sulfonamides and antibiotics in the management of acute parotitis is not yet 
clear. Certainly they are not efficient prophylactic agents in this disease. On 
the basis of this study, penicillin appears to be the more promising. The final 
evaluation of these agents, used alone or to supplement some other form of 
therapy, must be deferred. 

PROGNOSIS 


It is generally conceded that acute parotitis is rarely the sole cause of 
death'® 2¢ 29% 3° 37; these patients usually die as a result of their primary dis- 
ease or associated complications. Of the 38 deaths in the 80 patients studied, 
only 1 patient died directly as a result of parotitis. He was admitted 2 weeks 
after the onset of this infection and ultimately died from a purulent cavernous 
sinus thrombosis resulting from septic emboli arising in the parotid veins. 
The parotitis was cured or definitely subsiding at the time of death in 24 of 
the 38 patients who had a fatal termination. 

The remaining 13 patients developed acute parotitis so close (average of 
3.5 days) to the time of their death that its importance as a lethal factor 
could not be determined. All of these patients had a good and sufficient expla- 
nation (that is, cardiac failure, septicemia, uremia, peritonitis, and so on) for 
their death, the magnitude of which far outweighed the importance of a local 
infection such as acute parotitis. Most of this last group were in a terminal 
state, 6 having far-advaneed neoplasms with widespread metastases. In some 
instances the advent of the acute parotitis might well have been the proverbial 
straw that broke the camel’s back. 

Our cases then appear to confirm the oft-repeated contention that while 
acute parotitis is seldom fatal, it is certainly tell-tale evidence of a poor 
prognosis. 
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SUMMARY 


1. The incidence, etiology, pathology, clinical manifestations, treatment, 
and prognosis of acute nonspecific suppurative parotitis have been reviewed. 

2. Eighty cases of acute parotitis are reported. The results of early and 
delayed treatment with x-ray therapy have been presented and compared with 
such treatment alone and in combination with the sulfonamides and penicillin. 
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Book Review 


Thromboembolic Conditions and Their Treatment With Anticoagulants. By Charles D. 
Marple, M.D., Assistant Clinical Professor, Division of Medicine, University of Cali- 
fornia Medical School, San Francisco, Calif., and Irving 8S. Wright, M.D., Professor of 
Clinical Medicine, Cornell University Medical College, and Attending Physician at the 
New York Hospital, New York, N. Y. Pp. 416, with 27 illustrations. Springfield, IIL, 
1950, Charles C Thomas, Publisher. $8.50. 


This volume should make a handy reference for clinicians on the subject of the use of 
anticoagulants. It is also thorough enough to serve as a valuable reference for those 
particularly interested in cardiovascular and peripheral vascular diseases by virtue of the 
way the authors have handled the presentation of the literature to date and the inclusion of 
an index of pertinent laboratory procedures. 

Although qualified by their own experience to give opinions on the subjects discussed, 
the authors have been careful to follow the results presented in the literature before drawing 
conclusions. 

Their review of the litersture is commendable in that it represents an obviously tre- 


mendous task. 
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